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Specifically built for pumping sulfuric 


Durcopumps with wet-end parts of Durimet-20 are built 
specifically for pumping sulfuric acid solutions. Corrosion 
is negligible at 80° C. for concentrations up to 65% and 
above 93%. For temperatures of 60° C. and below, corro- 
sion is negligible in all concentrations. 

This is just one of the many corrosives for which Durco- 
pumps have been specifically engineered. Pumps are avail- 
able with heads to 345 ft. and capacities to 3500 gpm. Ask 


your local Durco Engineer for advice on your specific 


application—or write for Bulletin P-4-100. 
Serves the Process /ndustries 


THE DURIRON COMPANY, INC., Dayton, Ohio / Pumps «+ Valves «+ Filters + Process Equipment 
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Quality control with a master touch 


Our quality control experts keep their eagle eyes on your fabricating work all along the 
way. They check materials and designs... all working, welding and testing operations. Come 
in and get acquainted with their exacting methods. Or write for Bulletins HE and Cl. 


The personal touch—Our experienced, code-quali- 
fied welders are personally proud of the work they do. 
Each signs his welds with his own special code signature. 


Extra protection—pressure-sensitive plastic film 
seals nozzle openings during shipment... keeps out dust, 
dirt, moisture. Hardboard cover prevents punctures. 


B | Come again— Welded shells come back to the rolls 
for re-rolling that assures full roundness ...smooth line- 
up with adjacent shell, head or tray. 


Inside information—The Magnafiux test ...another 
way to inspect a welded seam...is frequently used to 
check critical pressure vessel welds at Downingtown. 


Downingtown Iron Works, Inc. 


106 Wallace Ave., Downingtown, Pennsylvania 
division of PRESSED STEEL TANK COMPANY Milwaukee 


Branch offices in principal cities 
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HEAT EXCHANGERS—STEEL AND ALLOY PLATE FABRICATION 
CONTAINERS AND PRESSURE VESSELS FOR GASES, LIQUIDS AND SOLIDS 


For more information, turn to Data Service card, circle No. 98 
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Tubular reactor at low flow rates 58 


R. B. Hovorka & H. B. Kendall—Increased efficiency 
of continuous tubular reactors by use of strategically- 
spaced baffles. 


Zygographic solution of vapor-liquid equilibrium 
S. M. Walas—An unusual _ method for solv- 
ing binary distillation problems. 


Coal gasification—-Sumitomo process 


T. Taniyama & Y. Karato—Keys to new process are 
ferrous oxide flux and vertically-rising vortex entrain- 
ment. 


Ultrahigh pressure technology 71 Do you need to grade a material by 


C. M. Schwartz—Synthesis of new materials with particle size . . . screen out oversize and 

undersize particles . . . remove lumps or 

unique properties becomes feasible with rapid devel- . . er any type 

opments in high pressure, high temperature tech- of particle-size separation? Then you 

nology. want these Bar-Nun Rotary Sifter ad- 
vantages: 


* Accurate separations in large 
volume, produced in limited 
floor space. 


Extrusion dryer turns out low-ash SBR rubber 80 © Screens totally enclosed by dust- 
Equipment Feature—Production-scale unit at Good- 


rich-Gulf reduces cycle time, ups quality. 


Easy cleaning. Filip-action 
clamps permit quick opening of 
box, and easy removal of screens 


Computer program abstracts 86 for thorough cleaning. 
Programs in actual chemical industry use—an exclu- © low aperetion. 
sive CEP feature. clusive, all-mechanical design 


and rugged construction give 
trouble-free performance even 
im continuous service on “hard- 


Election day 98 to-sift” materials. 
Candidates for A.I.Ch.E. national office in 1961. 


For single or multiple separations, as 
fine as 325 mesh—in laboratory work 
or big volume, heavy duty production— 


Tulsa in September 100 ad get bonus are from a 

q r-Nun Rotary Sifter. Users’ repeat 

, The town, the people, last minute flashes on the up- orders prove it. Write for specific details 
and rec dations without obligation. 


coming National Meeting. 


SEND FOR 6-PAGE BULLETIN 503. 


News & Notes of A.I.Ch.E. 126 
For details on other Gump processing equip- 
ment, refer to your copy of Chemical En- 
gineering Catalog. 
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Equipment for the Process Industries 


1311 S. Cicere Ave., Chicage 50, lil. 
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Hill Book Co., New York, N. Y. (1959), 


Th. 338 pp., $9.50. 
without The text by Stanley M. Walas en- 


titled Reaction Kinetics for Chemical 
Engineers is another in the McGraw- 
Hill Chemical Engineering Series 
which includes the earlier work on 
this subject by J. M. Smith. This 
— effort, according to its author, 
as been written with the “needs of 
the undergraduate chemical engineer 
. . . foremost in mind”. Thus it com- 
petes with the text by Smith both in 
subject matter and in the matter of 
its intended audience. The subjects 
covered represent the usual listing of 
topics of importance to the field in- 
cluding the fundamentals of both 
non-catalytic and catalytic, homoge- 
neous and heterogeneous reactions, 
simultaneous reaction and heat trans- 
fer, an analysis of some reactor types, 
a discussion of scale-up methods, and 
a discussion of various industrial re- 
actors. In addition, a brief chapter 
entitled “Mathematics for Review” 
is presented, covering ordinary dif- 
ferential equations, Bessels equations, 
numerical and graphical calculations, 
numerical solution of differential equa- 
tions, and partial differential equa- 
tions. An extensive bibliography on 
the subject is presented in the first of 
two appendices, the second being de- 
voted to constants and conversion 
factors, All of this is accomplished in 
some 338 pages. 
This outline may seem to the 
: , reader to include a rather consider- 
"-ELY DESCRIBED AND ILLUSTRATED able amount of material in one _ 
tively thin volume—it most certainly 
LOG 24-WRITE FOR YOUR COPY. The 
of reaction kinetics and reactor 
The most comprehensive spray nozzle catalog ever printed. Forty-eight dynamics has progressed quite far in 
pages of reference data on thousands of spray nozzle designs and the past few years. It is not obviously 
sizes. Provides an unequalled choice of capacities, characteristics and a field which should be covered at = 
materials. The result of over twenty-five years of specialized research, undergraduate level ‘g Givision i 
design and manufacturing. - ante this point being amply 
illustrated by the fact that it is not 
SPECIAL APPLICATION INFORMATION—Hundreds of Data Sheets are avail- ae oom | included as part of the 
able on special spray nozzle applications and designs. If you have an unusual undergra uate chemical engineering 
spray nozzle problem, write and describe it. program. When such a course is pre- 
There's undoubtedly a Data Sheet that sented at the undergraduate level, it 
applies that we'll gladly send to you. cannot encompass the entire field un- 
less it amounts to little more than a 


survey of “selected topics”. Hence, if 


PRAYING SYSTEMS C0. szs¢rondoioh street © Betiwood, tinois the author really intended the text to 


be for undergraduate consumption, he 


= PROMPT limit his coverage to fewer topics and 


to treat these more thoroughly. There 
For more information, turn to Data Service card, circle No. 18 continued on page 8 
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PLATE HEAT EXCHANGERS 


Seven different types of Chester-Jensen Plate Heat Exchangers in a 
total of 20 sizes are available to meet with equally high efficiency and, at 
the same time, utmost economy every problem to which a plate heat 
exchanger may be adapted. 


Specifying a plate heat exchanger exactly suited to the duty it will 
perform can—and usually does—effect important savings in both first 
and final cost of the unit. 


No matter what type Chester-Jensen Plate Heat Exchanger of given 
plate size may be specified, parts in the liquid stream, including plates, 
are always stainless steel; only frame design and material, finish of plates, 
and method of tightening plate assembly change. Yet these changes can 
often amount to 50% or more of total cost. 


Finally, Chester- Jensen offers, without obligation, the services of its 
heat exchange specialists in developing flow arrangements which insure 
maximum regeneration and capacity with a minimum number of plates. 


Descriptive literature regarding plate and other types of heat ex- 
changers built by Chester-Jensen is available on request. 


CHESTER-JENSEN COMPANY 


Main Office and INCORPORATED Branch Factory: 
Factory: ‘ PURITY DIVISION 
Sth and Tilghman Sts. CHESTER, PA. Cotterovgus, N. Y. 


Chester-Jensen Products Are Built Entirely in U.S.A. 


For more information, turn to Data Service card, circle No. 49 
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In kit form Chemineer, Inc. offers a 
versatile laboratory tool for bench 
scale mixing, pilot plant determina- 
tions, and other theoretical and ap- 
plied fluid agitation studies. With the 
Model ELB kit and its accessories you 
can set up and/or control every agi- 
tation variable. For example, you can 
determine the correct horsepower re- 
quirement for a batch or for the entire 
process — for both Newtonian and non- 
Newtonian fluids. 

If knowing the answer is part of 
your job and if guesswork can cost 
money, please write for Bulletin 109. 
Chemineer, Inc., 1044 EF. First St., 
Dayton 2, Ohio. 


CHEMINEER’ 


FLUID 
AGITATION 
ENGINEERS 


Books 


from page 6 


is need for a good text for a senior 
course in this area. Such a text would 
best present the limited number of 
unifying ideas which pervade the 
field in order to give the students 
some grasp of the scope of the sub- 
ject and the inter-relationships exist- 
ing among the various parts without 
tying to the subtle details. 
is text fails in this regard. 

For example, collision theory is 
covered in two pages; two additional 
pages are devoted to “Energy Distri- 

ution” and lead to the presentation 

of the partition function; two pages 
are devoted to the notion of the acti- 
vated complex; two pages are devoted 
to “Energy and Mechanism”. All of 
those topics occur in Chapter 1, titled 
“Fundamentals,” to which the author 
devotes approximately 27 pages. Nu- 
merous other examples of this type of 
presentation, which this reviewer con- 
siders as “spotty”, are easily found 
throughout the text. In general, most 
of the subjects in the book are pre- 
sented in such a manner as to leave 
the reader (the student) with the 
feeling that they are each complete 
and totally unrelated. 

For these same reasons, the book 
would not make a good text for a 
graduate course. No subject is treated 
with sufficient depth or insight into 
the interrelationships existing among 
the various parts to make it suitable 
for an advanced level of study. 

Finally, this reviewer finds the 
order of presentation of topics to be 
less than fully satisfying. The author 
discussed homogeneous reaction ki- 
netics and then reactors for these 
_ of reactions. Near the end of 

e text (chapter 9, page 228), he 
introduced “Heterogeneous Catalysis” 
but then did not include (perhaps for 
lack of space) a treatment of catalytic 
reactors. If the fundamentals of both 
non-catalytic and catalytic reactions 
were presented first, then much of 
what was said regarding simultaneous 
heat transfer and reaction could have 
been generalized with a gain in clar- 
ity, cohesiveness, and generality. As 
it is, the student must conclude that 
catalytic reactors are another matter 
entirely—to be treated as an ay 
separate subject—a conclusion whic 
is certainly not to be promulgated. 

There are two points to be raised 
about the book which are strongly in 
its favor. First, it contains a large 
number of illustrative examples which 
should be either directly useful or 
suggestive to the teacher. Second, it 

continued on page 10 


ONE SOURCE 
FOR ALL YOUR 
CONDUCTIVITY 
CELLS 


BODY MATERIAL 


Choose from the widest range of body 
materials... polystyrene, lucite, epoxy, 
nylon, polyethylene, bakelite, hard-rub- 
ber, Teflon, Kel-F, stainless-steel, Mo- 
nel, nickel and glass to meet every 
requirement for temperature, pressure 
and corrosion resistance. 


PHYSICAL RANGE 


Select the cell specifically designed to 
meet your application requirements... 
no need to settle for a universal com- 
promise. Industrial instruments manu- 
factures conductivity cells for opera- 
tion under pressures up to 7000 PSI. 


~ 


CONDUCTIVITY RANGE 


The most comprehensive line of cell 
ranges and constants available any- 


where for every application from 
measurement of. ultra-pure water to 
concentrated solutions of highly corro- 
sive acids, alkalis and salts. 


ELECTRODE MATERIALS 


Nickel, platinum, graphite, gold or tin 
...@ach one tailored to perform a spe- 
cific job properly. Submit your par- 
ticular requirements to us. Over twenty 
years’ experience in the electrolytic 
conductivity field. 


_ Write on your letterhead for our new 
Conductivity Catalog. 


Industrial 


ey Industrial 


Instruments nstrumen Ine 
89 Commerce Road. Cedar Grove. Essex County. © J 
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BAKER PERKINS research now brings you the HS 40 W Uni- 
versal Pressure Centrifugal, engineered for normal operation 
at 1000 times gravity and internal pressures to 150 psi. Several 
important features are entirely new: A MECHANICAL SELF- 
BALANCING SHAFT SEAL is positioned where the main shaft 
enters the housing and is the only major moving seal. A 
CLAMPING AND SELF-ALIGNING DOOR SEAL consisting of a 
floating ring plus two O-rings assures a completely safe lock 
without the necessity of tightening bolts. A SIMPLIFIED 
DESIGN OF THE DISCHARGE KNIFE AND CHUTE. Complete 
discharge of all solids is effected, eliminating swirling or dusting 
of solids within the housing. PROGRESSIVE PEELING. For the 
first time, provision is made for the peeler knife to enter the 
cake at successively increasing depths. Glazing of the heel is 
eliminated. Air displacement is controlled during both the 
charging and peeling operations. 

As in all Baker Perkins Universal Centrifugals, the interior of 
the new model is completely and readily accessible, For com- 
plete specifications of the high capacity HS 40 W Universal 
Pressure Centrifugal, see your B-P sales representative or 
write to: 


BAKER PERKINS INC. 


For more information, turn to Date Service card, circle No. 84 
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from page 8 


includes an excellent bibliography of 
kinetics and reactor dynamics litera- 
ture. 


Reviewed by H. E. Hoelscher, 
chairman of Department of Chemical 


Engineering, The Johns Hopkins Uni- 
versity, Baltimore, Md. This review 


was written in Madras, India, where 
Hoelscher is on UNESCO assignment 
to the Alagappa Chettiar College of 
Technology, University of Madras. 


PROPERTIES OF MATTER, F. C. Cham- 
pion and N. Davy, Philosophical Li- 
brary, New York, N. Y. (1959), 334 p., 
$10.00. 

This is the third edition of a book 
originally published in the 1930's. 
The authors are physicists and natu- 
rally have written a book of interest 
primarily to physicists. The Properties 
of Matter is not, however, a text book 
to be used in a beginning physics 
course since the mathematics includes 
ordinary and partial differential equa- 
tions. The book is somewhat special- 
ized, this being the authors’ intention. 


SEE OUR CATALOG 


= / REFINERY 
CATALOG 


PO BOX 3217 


10 August 1960 


Combination !so-stripper Recycle Condenser and 
Debutanizer Condenser in a Western Refinery. 


SMITHCO 
ENGINEERING INC 


For more information, turn to Data Service card, Circle No. 81 


SMITHCO, whose only business is 
air cooled heat exchangers, has filled 
973 separate orders since 1951. We 
hope you'll pardon us if our pride 
shows a little, but we believe our nine 
year record of continuous growth de- 
serves your attention. 

During our brief history we have 
seen air cooling evolve from an ex- 
periment to an exact science. First we 
cooled water, then gas. As we gained 
experience and know-how, we success- 
fully met and overcame the probiems 
involved in the cooling and condens- 
ing of light hydrocarbons. Today, 
SMITHCO is able to apply air cooling 
to any material that will flow through 
tubes. 


One prominent reason for the } 
wide acceptance of our coolers is the ; 
Molecular Bond fin tube. SMITHCO 
is the only builder of industrial air ¢ 
cooled heat exchangers that provides 4 
this unique engineering feature which Y 
furnishes an uninterrupted metallic 
thermal path for flow of heat from 
the inside of the tube to the outer- 
most edge of the fin. 

When cooling problems arise, why 
not put our nine years of progress to 
work for you? SMITHCO has the facili- 
ties and engineering ability to pro- 
duce a complete range of air cooled 
heat exchangers from the simple 
water cooler to the most complicated 
process coolers and condensers. 


PHONE Gi 7-5545 TULSA, OKLAHOMA 


A number of topics which will be 
helpful to chemical engineers who are 
primarily interested in the experi- 
mental determination of fundamental 
properties such as surface tension, vis- 
cosity, the a of solids 
and liquids, and diffusion coefficients 
in the liquid phase, are discussed in 
the book. Many of the classical tech- 
niques used to measure these proper- 
ties are discussed from both the theo- 
retical and practical viewpoints. In 
this connection, the authors would 
have hel the experimentalist a 
great deal if ee had included more 
of the recent references in order that 
the details of the various experimental 
techniques could be obtained quickly. 

There are, to be sure, a number of 
chapters which will be of only aca- 
demic interest even to the majority of 
the experimentally oriented chemical 
engineers, This would include the ma- 
terial on acceleration due to gravity, 
Newtonian constant of gravitation, 
elasticity, seismic waves, and methods 
of determining Planck’s constant. 
Also, they will find the discussion on 
errors of measurement insufficient. 

To the majority of chemical engi- 
neers Properties of Matter contains 
little material of interest. For example, 
many chemical engineers need experi- 
mental data on the fundamental prop- 
erties or correlations (empirical, or 
otherwise) which will permit them to 
predict values for these properties. 
The book contains neither the data 
(not even for pure substances) nor 
the correlations. Also, a number of 
areas—such as the determination of 
phase equilibria and thermal data— 
of vital interest to chemical engineers 
are not included in the book. 

Basically, the authors are not con- 
cerned with the uses to which data on 
the physical properties may be put, 
tion of the properties and the theory 
which underlies some of the experi- 
mental techniques. 


Reviewed by James H. Weber, 
chairman of the Chemical Engineer- 
Dept., University of Nebraska, 
Lincoln, Nebraska. 


INVENTIONS, PATENTS, AND THEIR 
MANAGEMENT, A. K. Berle and L. S. 
DeCamp, D. Van Nostrand Company, 
Inc., New York, N. Y., (1959), 602 pp., 
$12.50. 


Correction 


In the June CEP the review of “Chem- 
ical Engineering Calculations” by Er- 
nest J. Henley and Herman Bieber 
was written by G. C. Keeffe of New- 
ark College of Engineering, whose 
name was inadvertently omitted. 
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Looking for practical ADSORPTION know-how? 


Call on PITTSBURGH! 


re system . or hel determining how 
continuous carbon ‘adsorption can be effectively 
applied in your processing © tions, call for a 
Pittaburgh Technical Service resentative. 

and experience enables him to offer 

solutions to your present adsorption prob- 
practical embarking = a he’s 
equip to p your people set up a ratory 
scale column system to demonstrate applicability 


Want More Information? 

Send for this Booklet 
There's a type of Pittsburgh 
Granular Carbon ideally 
suited to solve your particu- 
=z lar adsorption problem. 
Write for folder describing 
Pittsburgh Activated Carbons 
in both liquid and vapor 
phase applications... it’s free. 


and efficiency of Carbons. 

Versatile, coal derived Pittsburgh Granular Acti- 
vated Carbons in continuous column systems have 
dramatically increased efficiency and lowered costs 
in a wide variety of adsorption processes includ ing 
purification, decolorization, deodorization and ca 
ysis. And they may be able to do the same for you. 

Tell us about your adsorption requirements on 


your letterhead —< call for a Pittsburgh T 
nical Serviceman . . . he has adsorption “know-how. ” 


ACTIVATED CARBON DIVISION 


PITTSBURGH 
CHEMICAL CO. 


GRANT BUILDING PITTSBURGH 19, PA. 


LP) 


A Subsidiary of PITTSBURGH COKE & CHEMICAL CO. 


For more information, turn to Data Service card, circle No. 93 
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Heat 


AEC using P-K Heat Exchanger. This P-* 
Exchanger runs 24 hours o day, 5 to 7 days o week, 
at the Uranium Processing Plant at Weldon Spring, 
Mo., operated for the AEC by Mallinckrodt Chemical 
Works. Although placed in operation in April 1958, 
ond handling highly corrosive hydrofluoric acid at 


temperotures dbove 300°F., this two-poss shell and 
tube type unit has never once required maintenance 


Select the Front Head you want, from 
the FH group. Add the Shell Section 
you want, from the SS group. Add 
the Rear Head you want, from the 
RH group. 

Follow these three simple steps and 
the formula above enables you to 
select the “designed” heat exchanger 
that meets your requirements. 


As you can see, the two pages at left 
from the new P-K Heat Exchanger 
Manual provide a master coding 
index. This makes it possible to 


MANUAL HELPS YOU SELECT YOUR HEAT EXCHANGER 


Patterson 


CHEMICAL ENGINEERING PROGRESS, (Vol. 56, No. 8) 


rapidly survey and specify the stand- 
ard interchangeable components 
available from P-K. Succeeding pages 
treat design features of each com- 
ponent in detail and save you time 
when you want to determine their 
suitability for your application. 


Suppose, for example you want an 
exchanger with the following: front 
head bonnet, multi-pass, radial 
flanged connections; shell section 
with straight tube floating head, and 
pull through removable bundle con- 
struction ; straight tube floating rear 
head, pull through removable bundle 
and shell cover plate, with multiple 
pass. Consult your P-K Manual, pages 
b-1 through b-18. Then specify 
FH-10+SS-10+RH-14. 


Clear, parallel picturization of 
standard gasket joints, tube pass par- 
titions, shell baffles and other com- 
ponents simplifies the underlying 
details of designs. 


Other sections of the manual stand- 
ardize terminology, review funda- 
mentals of heat transfer and design, 
even discuss economic considerations. 


Since available copies of the new 
P-K Heat Exchanger Manual are 
limited in number, they are reserved 
primarily for those in the process 
industries who can most profitably 
use the information. If you design or 
specify heat exchangers, write us on 
your company letterhead, outlining 
briefly the areas of your interest. A 
few copies are available to students 
and non-technical personne! at a 
nominal charge. The Patterson-Kelley 
Co., Inc., 115 Burson Street, East 
Stroudsburg, Pa. 
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Now on an installed-cost basis— 


TEFLON-LINED STEEL PIPE 
COMPETITIVE COST WITH 


COMPARABLE 


RESISTANT PIPING 


®Fluorofiex is a Resistoflex trademark, reg. U.S. Pat. Off. ®Tefion is DuPont's trademark for TFE fluorocarbon resins. 


Recent price reductions are the reason. They have 
been made possible, in many of the popular pipe sizes, 
by advanced technology, production improvements, 
and ever-increasing sales volume. 

It is now possible to pipe your entire process in corro- 
sion-impervious Fluoroflex®-T, at prices comparable, on 
an installed basis, with conventional piping material of 
far less corrosion resistance, particularly at elevated 
temperatures. 


Case histories of economies ‘esulting from Fluoro- 
flex-T are.being increasingly reported, citing ease and 
speed of installation with prefabricated lengths, lower 
checkout time, decreased maintenance, long equip- 
ment life, and elimination of process headaches and 
downtime. One plant equipped with Fluoroflex-T, in 
fact, reported savings of $60,000 per month in costs of 
maintenance, downtime, and product loss. 


Why not investigate what a Fluoroflex-TS piping installation 
can mean to your company, in installed costs, overall economy, 
and long process life? Write for complete information today! 


Complete corrosion fon: Fluoroflex-T, the 
proprietary Teflon® product manufactured and fabri- 
cated solely by Resistoflex, is completely resistant to 
any chemical (except high-temperature fluorine and the 
molten alkali metals) up to 500° F.! It combines optimum 
strength and non-porosity. 


Check these features: 

@ Liner in thermal equilibrium with housing, stays in 
place despite wide temperature variations, eliminating 
fatigue collapse and flare cracking. 


@ Lengths prefabricated to size, ready to install. 
@ Fittings compatible with all standard piping systems. 
@ Complete family of piping components available. 


@ Gasket and sealing problems eliminated by integral 
gasket formed from liner over full face of flange. 


RESISTOFLEX 
CORPORATION 
Complete systems for corrosive service 


Plants in Roseland, N.J. * Anaheim, Calif. + Dallas, Tex. 
Sales Offices in major cities 


For more information, turn to Data Service card, circle No. 42 
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SCOPE 


NEWS PLUS INTERPRETATION 


Stock value reliable index of performance 


Increasing sales volume does not necessarily reflect wise man- 
agement decision, nor reflect company performance, if return 


on investment is not safeguarded. 


Ir ww 1935 you Hap put $1,000 into 
Hooker Chemical stock, you would 
now have approximately $62,000 in 
the kitty. 

Figures recently published by 
Stantord Research Institute trace 
the history of a $1,000 investment 
in each of 65 leading chemical and 

troleum companies. (See partial 
isting in accompanying table.) 
Base year chosen was 1935, except 
for companies whose stock was not 
then ublically available. Data for 
each company include the value of 
the stock, cash dividends id, 
stock splits or dividends, and cu- 
mulative value of stock plus divi- 
dends. 

The table lists also the value of 
the stock for each company at the 
end of 1955, 1957, and 1959, result- 
ing from the original $1,000 invest- 
ment, plus the percent over-all 
change for each company for the 
period 1955-1959. Use of this four- 
year sper’ says the Stanford Re- 
search report, avoids the distorted 
indication of stock appreciation 
values which would have resulted 
from considering only the last two 
years. Stock values at the end of 
1957 for most of the companies 
were considerably lower than for 
the preceding period and, “it is 
desirable not to confuse reco 
with actual growth in value.” At 
the beginning of this year (1960), 
however, all but three of the com- 
panies in the series studied regis- 
tered higher stock values than for 
two years ago. In fact, more than 
half of the stocks which declined 
had recovered and exceeded their 


former value. 


Stock value seen reliable index 


Use of common stock perform- 
ance as a criterion of corporate 


success, according to the Stanford 


researchers, avoids a major pitfall 
inherent in use of the most popular 
index of company performance— 
growth in sales volume. Increasing 
sales volume, they point out, does 
not necessarily reflect wise man- 
agement decision, if return on in- 
vestment is not maintained. For 
instance, if a large chemical com- 
pany were to absorb as operating 


YEAR OF 


$1,000 ue oF Srockx 


INVESTMENT 
(1935 UNLess 


Ornerwise Norep) 1955 


Air Reduction 

Allied Chemical 

American Agricultural Chemical 
American Cyanamid 
American Potash & Chemical 
Atlas Powder 

Celanese Corp. of America 
Chemetron 

Commercial Solvents 

Diamond Alkali 

Dow Chemical 

Du Pont 

Food Machinery and Chemical 
Glidden 

W. R. Grace 

Harshaw Chemical 

Hercules Powder 

Heyden Newport Chemical 
Hooker Chemical 
Interchemical 

International Minerals & Chemical 


Koppers (1944) 
Merck 
Michigan Chemical 


Monsanto Chemical 
National Distillers & Chemical 
Nopco Chemical 

Olin Mathieson Chemical 
Parke, Davis 

Pennsalt Chemicals 

Chas. Pfizer 

Pittsburgh Coke & Chemical 
Procter & Gamble 

Rohm & Haas 

Spencer Chemical 

Stauffer Chemical 

Sun Chemical 

Union Carbide 

United Carbon 

Vick Chemical 
Virginia-Carolina Chemical 


(1937) 


(1951) 


(1946) 


(1942) 
(1937) 


(1949) 
(1949) 
(1953) 
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divisions ten other large chemical 
companies, the a — increase 
in sales volume of the parent com- 
pany would be “epoch- making.” 
However, the new combination 
might be so unwieldly that return 
on investment could deteriorate; 
this would eventually be reflected 
in a lower market value for the 


parent company stock. 


% CHANGE 
In Stock 
VALUE 


Since 1955 

sy 12/31/59 
108.8 
2.8 
19.7 
74.1 
6.9 
35.2 
60.6 


Dec. 31 Dec.31 Dec. 31 
1959 
1,495 
3,169 
5,085 
7,966 
4,985 
3,677 
3,391 
2,930 

749 
3,715 

15,326 
7,577 
6,170 
1,891 
1,522 
4,951 

10,326 
3,850 

61,921 


716 
3,084 
4,249 
4,576 
4,665 
2,719 
2,112 
2,286 

967 
2,642 
8,851 
6,630 
3,838 
1,667 
1,579 
6,066 
6,225 
3,700 

62,305 
2,992 
3,779 
1,739 

13,426 

363 
4,846 
2,121 
2,183 
3,892 

921 
2,080 

13,624 
6,191 
3,150 

,749 
3,070 
1,836 
1,488 
4,625 
2, 30 
2,662 
7,999 
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4 
— 
28.2 
se -22.5 
40.6 
73.2 
4 14.3 
13.4 
—18.4 

65.9 
4.1 
~0.6 
“a 2,269 6,653 122.4 
he 8,247 3,748 -0.8 
986 1,324 —23.9 

20,534 39,123 191.4 
749 998 174.9 
3,756 6,072 25.3 
2,091 3,435 62.0 
2,006 5,137 135.3 
2,702 3,727 4.2 
1,355 3,083 234.7 
2,166 3,927 88.8 
17,166 30,829 126.3 
4,002 6,282 15 
pt 3,567 5,670 80.0 
6,316 15,257 96.9 

2,210 3,503 14.1 

~ 2,331 4,563 148.5 
891 1,342 -9.8 
3,990 6,174 33.5 
2,905 10,892 309.2 

2,684 5473 -31.6 
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continued 


IN THE CANADIAN MINING INDUSTRY, 
there are about twice as many 
chemical engineers as there are 
geological engineers. This, and 
some other surprising facts, came 
out of a recent survey, results of 
which have been made public by 
W. N. Hall, president of the Chem- 
ical Institute of Canada. 

The survey covered the employ- 
ment of both chemical engineers 
and chemists over the whole range 
of Canadian industry, as well as in 
government service and teaching. 
(A breakdown of the figures is 
given in the accompanying table.) 
it will be noted that the figures in- 
clude a total of about 6,000 chemi- 
cal engineers and chemists; this is 
believed to represent a sample of 
about 60% of all those in Canada. 

Heaviest concentration of chemi- 
cal engineers and chemists is in 
chemical products manufacturing; 
these however, make up only slight- 
ly over 28% of the total. Govern- 
ment service accounts for about 9%, 
but the most impressive percentage 
(43%) is that represented by in- 
dustries other than manufacture of 
chemicals. These industries include 
foods and beverages, rubber and 
leather products, textiles, wood and 
paper products, iron and steel, non- 
ferrous metals, electrical apparatus, 
non-metallic minerals, petroleum 
and coal. 

Significant indication—while the 
chemical industry itself seems to 
employ considerably more chemists 
than chemical engineers, a large 
proportion of other manufacturing 
industry employs more chemical 
engineers than chemists. 


Primary and secondary industries 
Canadian exporting industries 


16 August 1969 


To export or not to export 


Canadian government policy seen encouraging export of raw 
materials at expense of domestic manufacturing. Corollary— 
fewer jobs for chemical engineers in Canada. 


are far less important employers 
of chemical engineers and chemists 
than is the domestic economy; in 
fact, only about 19% of 
ian chemical professionals 

owe their employment to the pri- 
mary resource, or export industries. 
Hall, in his analysis of the survey 
results, views with misgiving the 
continuing Canadian government 
policy which supports the export 
industries at the expense of na- 
tive manufacturing enterprises. He 
points out that Canadian manufac- 
turing climbed only from 29 to 32% 
of total national output from 1946 
to 1956, and today, because of 
rapid developments in other sec- 


Cana 


Type or EMPLOYER 

Minin 

Manutfacturin 
Foods and 
Tobacco 
Rubber and leather 
Textiles 
Clothing 
Wood and a products 
Iron and steel products 
Transportation equipment 
products 
Electrical apparatus 
Non-metallic mineral products 
Petroleum and coal products 
Chemical products 
Miscellaneous products 

Construction 

Transportation, storage and 
communication 

Public utilit 

Trade, wholesale 

Retail Trade 

Finance 

Education (only University) 

Dominion Government 

Municipal Government 

Provincial Government 


erages 


tors, “there is some evidence that it 
may have declined below the 32% 
mark.” 

“Clearly,” continues Hall, “our 
interests as professional chemists 
lie in the continued expansion of 
Canadian secondary industry, rath- 
er than the resource industries 
which ship raw Canadian goods 
out of the country before we chem- 
ists can get our hands on them. We 
believe that government policy 
should be directed to developing 
new secondary industries which 
will demand, use, and upgrade that 

ulp and r, metal and ore 
is so ‘surplus’ that 
we must sell it abroad.” 


CHEMICAL 
CHEMISTS ENGINEERS Tora. 
% or 

Numser Numper Tora. NumBer 
94 3 380 14 474 8 
285 10 89 3 374 6 
114 4 110 4 224 4 
79 2 92 3 171 8 
227 8 332 12 559 10 
59 2 90 3 149 8 
19 1 89 1 58 1 
89 3 213 8 302 5 
82 8 41 1 123 2 
81 8 57 2 138 2 
117 4 272 10 389 7 
943 $l 708 25 1,651 28 

2 17 1 19 
$1 1 12 1 43 1 
8 62 2 70 1 

8 de 8 

1 1 
224 7 104 4 328 6 
346 ll 64 2 410 7 
7 10 bs 
118 4 ll 129 2 
8 97 4 190 4 
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NEWS PLUS INTERPRETATION 


Chemical industry rates high for next decade 


Investment survey shows some sections of industry likely to 
increase production twice as fast as rest of economy. 


SPECIAL METALS, AGRICULTURAL 
chemicals, rocket fuels, nuclear- 
based chemicals and plastics are 
particularly likely bets to increase 
production at over twice the rate of 
our entire economy within the next 
ten years. While not all chemical 
products are of this superior 
growth potential, the chemical in- 
dustry as a whole does fall into this 
category, a study reveals, Results 
of the survey of the probable 
source of growth industries for the 
upcoming 1960-70 decade, made by 
the Wall Street Firm, Dominick & 
Dominick, are published in A Ten 
Year Investment Forecast. Superior 
growth potential is defined as the 
ability to increase sales by at least 
80 percent in this ten year period, 
and also to maintain a proportion- 
ate growth of earnings. The chem- 
ical industry rates high in this over- 
all picture. 


Plastics costs coming down 

Some new plastics will be intro- 
duced within the next decade, the 
forecast points out, but less fre- 
quently than in the past. The pri- 
mary emphasis of the laboratories 
will be to reduce costs for present 
plastics and to provide them with 
special characteristics for special 
applications. An increasing share of 
the textile and packaging markets 
will come to the chemical industry 
from plastics for fibers and films. 
As these fields enlarge, and prices 
for plastics are brought down, the 
will compete more directly wit 
low cost volume materials such as 
cotton and paper. 

Glass containers also face re- 
lacement by the less fragile and 
ighter plastics. Structural use of 

plastics are increasing, as surface 
coatings for plywood and steel, 
and as laminates with glass fibers 
where strength is required. Plastics 


will be eye it is anticipated, 
not as cheap substitutes for natural 
products, but as the better and 
cheaper materials they have proved 
themselves to be in so many cases. 
Lower manufacturing and mainte- 
nance costs and longer life are also 
positive factors. 


Drugs and research going up 

The forecast for related indus- 
tries is equally optimistic. In drugs, 
a marked increase is predicted for 
foreign sales, which even now aver- 
age about 30 percent of the total. 
For domestic, an estimated 85 per- 
cent rise is in the cards. Current 
investigations should 

ve no retarding effect, for some 
practices unquestionably need cor- 


rectin. The industry faces a con- 
tinuing challenge in the necessity 
to solve major health problems. 
In research, where the rate has 
been ac 2elerating since 1950, a $15 
billion :xpenditure seems probable 
withir_a year or two; $35 billion by 
1970. Computers are of special im- 
portance, for the development of 
the electronic computer could be 
the outstanding industrial achieve- 
ment of our time. For example, the 
most profitable product mix for oil 
refineries can adjusted auto- 


matically to every change in the 
market for raw materials and prod- 
ucts. And, of course, the extensions 
in the use of automation that are 
made possible by the computer are 
also noteworthy. 


Soviet use of engineers studied by U. S. mission 


A six man EJC delegation has returned after spending a month 
in the USSR studying utilization and allocation of Soviet engi- 
neers and technicians. A Soviet team will visit the U.S. at a 
later date. Pictured above is the U.S. team. Seated (left to right) 
are: W. E. Lobo, consulting chemical engineer, New York; 
H. R. Beatty, Wentworth Institute, Boston, Mass. Standing (left 
to right are: C. S. Dargusch, Engineering Manpower Commis- 
sion, EJC; O. Hoeffding, Rand Corp., Santa Monica, Calif.; 
S. B. Ingram, Bell Telephone Laboratories, Murray Hill, N. J.; 
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R. M. Mahoney, Union Carbide Corp., New York. 
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RAYMOND, 


Drying 


SIMPLIFIES PRODUCTION 


OF POWDERED 
MATERIALS 


terial is 


compact 


Heated air is circulated through 
the system, and the raw ma- 


disintegrated and delivered as a 
fine, dry, free-flowing product 
one o 


simultaneously dried, 


ration in a single, 


Today's bold ventures of science and industry into new fields 
make it necessary to utilize the most advanced methods and equip- 


ment to achieve the dramatic results now seen on every hand. 

In the manufacture of powdered materials, Raymond Flash 
Drying stands out as a unique, modern system for simplifying 
processes, developing new products and handling special prob- 


lems. 


It is available with various Raymond units, as described below, 
providing a wide range of applications in the chemical and food 


industries. 


with the IMP MILL—For drying and pulverizing 


materials containing up to 80% moisture. 


Also for handling heat-sensitive products . . . 
cooling and 


blending and classifying .. . 
conveying to storage. 


with the CAGE MILL —For drying and disinte- 


For Flash 
Units, ask for Ray- 
mond Bulletin #82. 


For Fluid Bed Sys- 
tems, ask for Ray- 
mond Bulletin #88. 


COMBU 


1126 W. BLACKHAWK ST. 
CHICAGO 22, ILLINOIS 


proting | soft materials in finely divided form. 
Built im sizes having capacities up to about 
17,000 Ib. of water evaporation per hour. 


with the ROLLER MILL — Removing surface 


moisture up to about Fay from non-metal- 
lics while grinding. For posing 
cals, pigments and manufactured 

Available in sizes for large or o 


with AIR STREAM —For drying, without disinte- 


gration, particle 
size. May be with multi-stage sys- 
tem for removing large percentages of mois- 
ture to a low final content. 


FLUID BED DRYER—A supplementary form of Raymond Drying Systems for 
special applications. Used on a range of materials from fine synthetic resins to 


final moistures. 


ONE 


For more information, turn to Data Service card, circle No. 12 
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medium size granular particles such as organic crystals, also on = coarse natural 
materials. Useful on products requiring 


retention time extremely low 


ation shows that Raymond Flash Drying is 
with your product ... you have at your 
command an effective, economical method of im- 
proving your process. 


JEERING, INC. 


OFFICES IN 
PRINCIPAL CITIES 


For more information, circle No. 93 * 
CHEMICAL ENGINEERING PROGRESS, (Vo!. 56, No. 8) 
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Sete Combustion Engineering-Superheater Ltd., Montreal, Canada a 
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Polyethylene Used for 
Insulators in Nuclear 
Weapons Research Work 


Two large polyethylene insulators, 18% 
inches in diameter, have been made for 
use with a unique electrical switch in the 
discharge of heavy current loads from 
large condenser banks. Insulators and 
switch are reported to be part of research 
equipment used by nuclear physicists in 
the simulation and study of various as- 
pects of nuclear weapons systems. 

Polyethylene was chosen for its good 
insulating qualities, it is reported. Each 
insulator is said to be capable of with- 
standing voltages in the neighborhood of 
100 kilovolts. The insulators were care- 
fully milled to insure design compatibil- 
ity with the special two-million-ampere 
switch. 


Milling polyethylene insulator for use with unique 
electrical switch in nuclear weapons research. 
(Photo courtesy Boeing Airplane Co.) 


New Chlorine Booklet 
Is Offered by U.S.L. 


Facts about chlorine are detailed in a 
concise new booklet just released by U.S.L. 
Illustrated with photographs, drawings, 
graphs and charts, the 28-page booklet 


describes chlorine’s chemical and physical | 


properties in detail, and gives information 
on shipping, handling, safety measures 
and applications. 

The company is preparing a similar 


publication on caustic soda which will be | 


available shortly. For your copy of the 
chlorine booklet, write to the Technical 
Literature Dept., U.S.I1. Chemical News, 
99 Park Avenue, New York 16, N. Y. 


Sodium Process Developed 
U.S.I. Proves Economical for 


Desulfurizing Coke Oven BTX 


Thiophene Levels in Benzene-Toluene-Xylene from Coke Oven 
Sources Reduced to Less Than 1 PPM. Purities Match Those 
Of Petroleum Products, with Treating Costs of Only 1-2¢/Gal. 


Recent demands for low-thiophene benzene and toluene are creating new 
interest in desulfurization processes. To remain competitive with low-thiophene 


National Distillers—Food 
Machinery Joint Venture 
Gets Rocket Fuel Contract 


Contracts for multi-million pound quan- 
tities of unsymmetrical dimethylhydrazine 
have been awarded by the Air Force Air 
Material Command to a joint venture of 
the Food Machinery and Chemical Corp. 
and the U.S.I. division of National Dis- 
tillers. These contracts total more than 
$20,000,000. The material, called 
DIMAZINE* by the joint venture, is a stor- 
able, high-energy liquid rocket fuel. 

FMC and U.S.L. pioneered in the com- 
mercial development of unsymmetrical 
dimethylhydrazine, and have been its prin- 
cipal producers for several years. The Air 
Force’s DIMAZINE requirements will be 
produced in expanded facilities at Balti- 
more, Md. 

DIMAZINE is a completely synthetic fuel. 
It is used with liquid oxidants in bi 
propellant engines of the type that power 
most of this country’s large rocket vehi- 
cles as well as various smaller ones. Un- 
symmetrical dimethylhydrazine is unique 
in being the only synthetic fuel used in 
a substantial number and variety of the 
nation’s operational rocket programs for 
scientific and military purposes. 


Registered Trademark of Food Machinery and 
Chemical Corp. 


petroleum fractions, coke oven producers 


today must further treat their light oils 
to reduce thiophene content. Usual speci- 
fications are less than 1 ppm. Workable 
treating processes developed so far have 
proved economical only for very large 
scale coke oven operators who can invest 
in extensive equipment. The smaller oper- 
ator has remained handicapped, and has 
been seeking methods involving lower cap- 
ital outlay. 

Recently, U.S.1. has been working with 
coke oven producers on the application 
of sodium desulfurization to this problem, 
with some very practical results. It has 
been found that, for only a little over a 
cent per gallon in treating costs, light oil 
feeds from coke oven sources can be puri- 
fied to the desired levels. Further, this 
processing method is economical even 
for the small-scale producer. 

Two U.S.L. Processes Available 

Two general processes have been 
worked out by U.S.I. for the sodium de- 
sulfurization of light oil feeds in the vapor 
phase. In one, a mechanically agitated 
high-surface-sodium bed is used. In the 
other, vapor fluidized high-surface-sodium 
is employed. 

Many samples of light oil from various 
parts of the country have been investi- 
gated in pilot units of these two types at 
U.S.L.’s research laboratories. The results 


| of three such investigations 


with calculated direct oper- } more | 
ating costs, are given in the 


1960 
pus | 
|| 
| 
| 
| 
= 
PILOT PLANT DESULFURZATION TEST RUNS 
TX Sample} Process | Temp.| #/gal. feed time, sec. content ppm | content | 
Agitated 450- | Olv/gal. | 10sec. | I?0ppm | lessthan 
ir. nance— for 3 different locations and different capacities. Cost figures are al comparable 
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Sodium Desulfurization 


accompanying table. These figures are for 
BTX mixtures. The same processes can 
be used to treat benzene-toluene, benzene 
alone, or toluene alone —at still lower 
operating costs. 


Distillation Removes Many Impurities 


While the whole crude light oil may 
be desulfurized with sodium, distillation 
prior to sodium treatment is a more eco- 
nomical method for removing many of the 
sulfur compounds and other impurities 
present. Thiophene, of course, cannot be 
removed economically by distillation. An 
acid wash prior to sodium treatment is also 
used frequently to lower the level of some 
impurities. 

Since purity requirements are usually 
less critical for xylene than for benzene 
and toluene, it is generally considered 
preferable to separate xylene from BTX 
mixtures before sodium refining. This min- 


imizes sodium consumption. If necessary, 
xylene can be purified by itself. 

For further information, send for the 
new U.S.I. technical data bulletin “De- 
sulfurization of Benzene, Toluene and Xy- 
lene by Sodium.” Address Technical Lit- 
erature Department, U.S.1. Chemical 
News, 99 Park Avenue, New York 16, 
New York. 

For commercial-scale processes devel- 
oped by U.S.L., and for their costs, U.S.L 
can put interested parties in touch with 
engineering companies who have devel- 
oped plant designs for these processes. 


Process Good for Many Hydrocarbons 

Sodium desulfurization has also been 
used successfully with other hydrocarbons 
such as naphthalene. U.S.I. researchers 
have broad experience with this process, 
and will be glad to work with interested 
companies. 


New Extinguisher Quenches 
Three Types of Fires 


For the first time in history, a fire ex- 
tinguisher has been developed which will 
put out all types of fires, according to 
recent reports. The extinguisher is said 
to do an effective job of quenching the 
three principal kinds of fires—those in 
combustibles like paper and wood, those 
involving flammable liquids like gasoline, 
and those in electrical equipment. 

It uses a non-caking and moisture- 
repellent dry chemical which expands 
into a rubbery mass when exposed to heat. 
This action tends to smother the fire. 

Up to this time the many kinds of fire 
extinguishers have been able to handle 
one, and sometimes two, classes of fires, 
but never all three. While the new extin- 
guisher is claimed effective on all three, 
it does not supplant other extinguishers 
which may have superior quenching pow- 
ers on a particular type of fire. 


HEAVY CHEMICALS 


borrels, pails. 
Caustic Soda, Chlorine 
Phosphoric Acid, Fertilizer Grade 


to Federa! specifications. Tank cars or tank tr 
Sodium Peroxide 


OTHER PRODUCTS 


PETROTHENE ® Polyethylene Resins 
MICROTHENE . . . Finely Divided Polyethylene Resin. 


Sedium, Metallic: cast solid in tank cars, steel drums, pails; bricks in 


Ammonia, Anhydrous: commercial & refrigeration. Tank cars or tank trucks, “ 

Ammonium Nitrate, Nitric Acid, Nitrogen Fertilizer Solutions Fusel Oil, Ethy! 

Sulfuric Acid: all strengths, 60° Baume to 40% Oleum. Also Electrolytic grade 
vucks. 


Rapid Chemical Reactions 
Analyzed by Photoflash 


By exposing various materials to bil- 
lion-watt flashes of light that last only 
a millionth of a second, chemists have 
recently observed many of the short-lived 
substances that play key roles in photo- 
chemistry, it is reported. Called “flash 
photolysis,” the new analytical technique 
has already revealed the details of im- 
portant chemical processes in areas 
ranging from inorganic chemistry to 
biology. 

The technique employs a microsecond 
flash of strong light to start the reaction. 
Then, after an interval of a hundred thou- 
sandth of a second or less, the mixture is 
analyzed spectroscopically by a fainter 
burst of light. In this way, intermediate 
products with a lifetime of only a few 
millionths of a second have been positively 
identified, according to the report. 


PeOdDUCTS OF- U.$:! 


Pharmaceutical Products: DL-Methionine, N-Acety!-DL-Methionine, Urethan USP, 
Interm 


ediates. 


Ethy! Alcohol: Pure and all denotur 
Denatured Alcohol Solvents SOLOX ®, PILMEX 


= 


Information about manufacturers of these 
items may be obtained by writing U.S. 


Patented pr 
now bein g licensed. In process, , vinyls, acrylics, 
nylon, polyesters, asphalt, etc., are melted or 
dissolved and s rayed to form supertine fibers 
Suggested for filters, other uses. No. 1620 


Variable programming for automation 
of chemical analyses procedures in clinical 
and biochemistry, now on market. Units include 
indexing, transfer, storage ings 
bating, programming mechanisms lo. I 


Corporate diagrams and administrative person- 
nel of the chemical industry are presented in 
new, looseleai edition of reference book now 
being sold. Supplement also suppiled to jo tose 
information up-to-date. 


Counter-current. liquid-liquid extractors for com- 

lex solvent extraction are described in new 
Bulletin now available. Extractors incorporate 
several mixing and separating stages in single 
bow! revolving at high speed . 


How ammonium nitrate behaves under fire con- 
ditions is covered in new article which can now 
be purchased at nominal price. Conditions neces- 
sary for explosion are detailed, as are fire- 
fighting procedures and storage 


POLYMER, a new international quarterly de- 
voted to science of large molecules, is now 
offered on paid subscription basis. Provides 
medium for Bn gene of original papers on 
search. Inclu publicity on papers to come 

No. 1625 


Techni 


flame-resistant ure- 
thane es of polyester. type is described in 
new bulletin now available. Reveals that addi- 
tions of tris (beta-chloroethy!) Phosphate 
to foam mix controls burning rate. lo. | 


New. low-cost infrared trophot ter makes 
possible high- resolution runs in near-infrared 
wavelength region between 83" and 7.65w. 
case exact structural information on organics 
th C-O and O-H molecular cuiiguagiety 


electrocleaner, containing chelating 

agents, has been introduced for heavy-duty 

anodic cleaning of heavily soiled steel which 

has enough smut, rust or oxides to defy com- 

plete cleaning in conventional electrocleaners 
°. 


Tantalum and niobium metallurgy are subject 
of recent book which can now be purchased. 
overs extraction reduction, consolidation, 
working. Includes chapters on physical, chem- 
ical, mechanical properties; corrosion; alloys 


No. 1 


tured formulas; Anhydrous 


Normal Buty! Alcohol, Amy! Alcohol, 


Organic Solvent: 
DIATOL ®, 


Riboflavin U.S.P 


Animal Feed Products: piL-Methionine, MOREA® Premix (to authorized mixer- 
distributors). 


Acetate, Normo! Buty! Acetate, Diethy! Corboncte, 
Diethy! Oxclote, Ethyl Ether, Acetone, Acetoocetanilide, 
Acetoacet-Ortho-Chioranilide. A 1-Ortho- 

acetate, Ethyl Benzoylacetate, Ethy! Chioroformote, 

Sodium Oxclacetate, Sodium Ethyle 


Tolvidid Ethyl Aceto- 
Ethylene, Ethyl 
te, Urethan U.S.P. (Ethyl 


U.S.1. SALES OFFICES 


USTRIAL CHEMICALS CO. 


of Nationa! Distillers and Chemical Corporation 
99 Park Avenue, New York 16, N. Y. 


Atlanta * Baltimore * Boston * Chicago * Cincinnati * Cleveland 
Detroit * Kansas City, Mo. * Los Angeles * Lovisville * Minneapolis 
New Orleans * New York * Philadelphia * St. Lovis * San Francisco 
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Washington 
scope 


Competition abroad— 
a time for reappraisal 


THERE ARE A RAPIDLY increasing num- 
ber of U. S. firms that are voicing 
their objections to trying to make 
friends by converting militarily weak 
nations into strong industrial competi- 
tors. At the conclusion of more than a 
decade of devoted giving, our military 
allies have become business competi- 
tors. These allies have become such 
potent competitors in the chemical 
industry that some concerns are at 
the point of taking positive, perhaps 
drastic, action, 

Recently many producers of indus- 
trial products and equipment, like the 
chemical industry, have begun to make 
their wishes and needs in connection 
with “unfair” foreign competition 
forcefully known. O. R. Strackbein, 
Chairman, the Nation-Wide Commit- 
tee on Import-Export Policy, An Asso- 
ciation of Industry, Agriculture and 
Labor, on July 20, 1960 cited the re- 
cord of the Tariff Commission for the 
past eighteen months, saying that out 
of a dozen cases of industries seeking 
redress from import injury, only one 
was forwarded to the President with 
a recommendation that the duty be 
increased. This was a minor case in- 
volving typewriter ribbon cloth. 

Two chemical producers have just 
sent emissaries abroad, a third is ready 
to leave and a fourth is making prep- 
arations to go. Reportedly their assign- 
ments are to get facts and to make 
known their intention to meet “fire 
with fire”, But, even in these in- 
stances, one may be sure that all 
efforts to have the U. S. Government 
utilize its resources to provide relief 
will be sought before direct individual 
solutions to the problem are attempt- 
ed. All types of assistance to under- 
eg nations and certain special 

elp to highly industrialized nations 
seem to be generally acceptable to all 
U. S. political factions. But there is a 
considerable difference of opinion on 
the extent to which we d burden 
the taxpayer to contribute to these 
admittedly worthy causes. 

Washington is becoming deeply 
conscious of the need to carefully 
choose the form of assistance we offer. 
One Washington source, well versed 
in the chemical industries’ internation- 


al problems, feels that we would do 
continued on page 22 
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‘Acid-proof 
to your 


Tere are no valve corrosion prob- 
lems when you install Lapp porce- 
lain valves on your chemical lines. 
Only porcelain and Teflon packing 
comes in contact with fluid being 
handled. And Lapp special porce- 
lain is hard, dense and pure .. . ho- 
mogeneous, non-porous and chemi- 
cally inert ... therefore impervious 
to corrosion from acids of all con- 
centrations, except hydrofluoric. 


WRITE on your letterhead for Cata- 
log 567. It will put complete infor- 
mation on chemical porcelain at 
your fingertips. Lapp Insulator Co. 
Inc., Process Equipment Division, 
2008 Poplar Street, LeRoy, N. Y. 


3 oo TYPES 
MEET VARIED 
REQUIREMENTS 


UNARMORED— 
Valve body of 
white glazed por- 


celain. Maximum | 


recommended 
temperature, 
350° F 


TUFCLAD® AR- 
MORED— Porce- 
lain body with 
exclusive Lapp 


that of Tufclad. 
High strength silicon alumi- 
num casting is cemented 
over porcelain body. Maxi- 
mum temperature, 400° F. 


All valve types are proof- 
tested leak free at 150 psig. 


For more information, turn to Data Service card, Circle No. 95 
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armor casing of 
resin bonded fi- 
berglass ... for ap- 
plications where 
i accidental damage of porce- 
Bi lain becomes an immediate 
hazard to personnel or prod- 
uct. Maximum temperature, 
225° F. 
ALUMINUM AR- 
MORED— Recom- 
mended where ar- 
moring is needed 
perature exceeds 
—recommended for opera- 
: tion at 50 psig. 
4 


Maintain 
Coating Application 
Standards 


INSPECT 
WITH A 


@ Locates Skips & Holidays! 
@ insures Complete Coverage! 


@ insures Complete Protection at 
Critical Welds & Corners! 


A tiny pinhole “holiday” in the pro- 
tective coating allows a foothold for 
corrosion to undercut the coating. 
Progressive corrosion follows with 
peeling, scaling and ultimate failure. 


You can’t see these deadly “holidays,” 
they become visible only when it’s 
too late. 


The M-1 TR Holiday Detector accu- 

rately and quickly finds pinholes and 

bare spots in thin film protective coat- 

ings. In — an electrode is 

passed over surface. On encoun- 

To aanaaeie va tering a void or bare spot, a small cur- 
. rent flows and a bell rings. Maximum 


your specifications should include . 
TR holiday detector inspection. applied voltage is 6744 V. 


Write for specification guide. 
Different models of TR Holiday Detectors 
are available for pipe or flat surfaces, 
Write today for damp or dry surfaces and for portable or 
technical data and bulletin. production line operation. 


Quality Control for Coating Application 


TiN KER RASOR 
417 Agostino Road, P.O. Box 281 + San Gabriel, California 
For more information, turn to Data Service card, circle No. 21 
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from page 21 


well to more meticulously investigate 
the domestic needs of each foreign 
country allegedly needing help, so we 
will not unwittingly create competi- 
tion we cannot meet either in the 
world market or here in the United 
States. This source suggested that bi- 
cycle factories are often really more 
essential to the foreign countries’ 
economy than are chemical plants. 
Furthermore, there are process plants 
—like saline water conversion plants 
and food processing plants—that pro- 
duce needed products which do not 
lend themselves to export, they con- 
tend. 


Foreign jobs with built-ins 


The Federal Government has al- 
ready initiated an arragement for get- 
ting more “missionaries for democracy” 
abroad. Public Law 86-585, just 
signed by the President, is designed 
to make foreign assignments more ap- 
pealing to its employees. The new 
aw virtually arantees employees 
returning from foreign duty that they 
will have their old jobs back if they 
want them. It is anticipated that there 
will be a big jump in overseas assign- 
ments. 

“There seems to be no abatement in 
our zeal to help our foreign allies stay 
economically strong by enabling them 
to compete with us on a world-wide 
basis. This really makes it tough on 
those who don't have facilities 
abroad”, is typical of the comments 
one hears from the men who keep a 
watchful eye on world-wide chemical 
industry developments. 

—Jos. L. Gillman, Jr. 


An 80 million pound-per-year ethylene 
oxide plant, one of the largest units 
of its kind ever constructed, will be 
designed and built for Houston Chem- 
ical by Scientific Design. The Beau- 
mont, Texas, plant anticipates an 800- 
tons-a-day nitrogen by-product avail- 
able for ammonia production. The 
glycol output will go into Houston 
Chemical’s antifreeze, tradenamed 
Peak. 


More news on the nylon front: a new 
fine denier Caprolan nylon yarn plant 
at Irmo, S.C., will increase Allied 
Chemicals overall nylon fiber capac‘ty 
to more than 80 million pounds a 
year. Technical assistance and some 
manufacturing equipment will be furn- 
ished to Alli by Snia Viscosa, 
Italian fiber producing firm. 
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gineering 


Acetonitrile boosts butylene throughput 58%, 


FROM \UN 


saves $3,000,000 capital investment 


Unusual solvent useful in saturate-unsaturate and olefin-diolefin separations 


By using acetonitrile as an extractive 
distillation solvent, Shell Chemical Cor- 
poration has boosted throughput of the 
existing butadiene feed-preparation unit 
58% in their Torrance plant. Minor 
engineering changes for the unit cost 
$148,000: it has been estimated that a 
similar throughput increase through new 
construction would cost about $3,000,000. 
Development work and operating expe- 
rience have shown that acetonitrile’s 
unusual! solvent properties should prove 
useful in other saturate-unsaturate and 
olefin-diolefin separation processes. 


ADVANTAGES OF ACETONITRILE 

Acetonitrile has boosted capacity in the 
Shell plant because it increases the spread 
in boiling points of the C, hydrocarbons 
being distilled. Thus, separation of the 
hydrocarbons is more efficient than with 
either acetone or furfural. Relative vola- 
tility of n-butane compared to butene-1] 
is about 1.25 with acetone and about 1.30 
with furfural. Acetonitrile increases this 
ratio to almost 1.4. The spread in boiling 
points of butene-1 and butadiene is also 
increased. The table gives data on the rela- 
tive volatilities of C, hydrocarbons in 
aqueous acetonitrile systems. 

After the extractive distillation has been 
completed, acetonitrile can be completely 
recovered from the butane and butylene 
streams with greater ease than acetone. 
This increased recovery efficiency is due to 
the high distribution coefficient of ac- 
etonitrile in water/hydrocarbon systems. 


ENGINEERING CHANGES MINOR 

Because of the similarity of the physical 
properties of acetonitrile and acetone, it 
is not necessary to change the operating 
pressure of extractive distillation columns. 
Shell engineers made only minor changes 
to their unit. Besides a larger reboiler and 
a new pump, two heat exchangers were 
switched and the solvent recovery column 
was connected to vacuum operation. 
Aqueous acetonitrile systems do not foul 
exchanger systems. Corrosion due to 
hydrolysis of solvent at reboiler tem- 
peratures is minimized by pH control. 


TABLE 1 RELATIVE VOLATILITIES OF THE C, HYDROCARBONS IN AQUEOUS ACETONITRILE, 120 psia 


Total Solvent Concentration, 80%m Tota! Solvent Concentration, 65% m 

Water in Solvent Water in Solvent | Water in Solvent Water in Solvent 
Component 15%m 25%m 15%m 25%m 
Isobutane 1.638 1.673 1.637 1.674 
n-Butane 1.332 1,347 1,348 1.368 
Isobutylene 1.013 1.013 1.013 1.013 
Butene-1 1.000 1.000 1.000 1.000 
t-Butene-2 0.861 0.856 0.865 0.861 
cis-Butene-2 0.821 0.813 0.827 0.820 
Butadiene-1, 3 0.639 0.599 0.645 0.604 
Water 0.08 0.045 0.075 0.045 
Acetonitrile 0.043 0.033 0.043 0.033 


OPERATING COST REDUCTIONS 


The butadiene feed-preparation unit 
operating on acetonitrile has less solvent- 
loss than one operating on acetone. Thus, 
solvent make-up costs are no higher with 
acetonitrile than with acetone. Steam and 
pumping costs have also been reduced be- 
cause reflux and circulation rates are lower. 
This is true even at reduced feed rates. 


ACETONITRILE USEFUL 
IN OTHER PROCESSES 


Acetonitrile is effective in other satu- 
rate-unsaturate and olefin-diolefin separa- 
tions. This heat-stable extractant is useful 
in ethylene-ethane, propylene-propane, 
and cyclopentadiene-cyclopentane sepa- 
ration’. The boiling point spreads between 
pentadienes, such as isoprene, and pen- 
tenes are also increased. 

In liquid-liquid extraction processes, 
acetonitrile is effective in removing tars, 
phenols, and color bodies from hydro- 
carbons. Acetonitrile is also useful as a 
selective solvent for fatty acids. 


INFORMATION AVAILABLE 

If you're looking for increased efficiency 
in your extractive distillation or liquid- 
liquid extraction processes, acetonitrile 
could be the answer. Detailed information 
on acetonitrile as an extractive distillation 
solvent along with information on azeo- 
tropic mixtures of acetonitrile is available. 


For more information, turn to Data Service card, circle No. 77 
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For this information, call the nearest 
Carpive Technical Representative—or 
write, Department B, Union Carbide 
Chemicals Company, Division of Union 
Carbide Corporation, 270 Park Avenue, 


New York 17, New York. 


Nothing herein shall constitute a rec- 
ommendation to practice any invention 
covered by any patent without permission 
of the patent owner, 


Union Carsipe is a registered trade mark 
of Union Carbide Corporation. 
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Corrosion is 
full of surprises 


Out-guessing corrosion has been 
our business for 100 years. We now 
make 8 types of chemical resistant 
pipe... with valves, pumps, and 
tanks to match. . . and pretty well 
know what to expect with them. 
If anything, our advice is on the 
safe side. Please consult us with 
any problem. 


| Flexible poly 
pipe, ideal for 

water lines, 
| drains, under- 
| pipe or 
| conduit. Sizes 
| % to 2”, long 
coils, NSF-ap- 

proved for 
| drinking water. 
| Bul. CE-57. 
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to 4”. Threaded 
or socket-weld 


letters 
to the editor 


Chem Econ Handbook 


To the Editor: 
We appreciated seeing the reference 
to our Chemical Economics Handbook 
Revision Supplement on page 12 of 
your June, 1960, issue. We would like 
to point out, however, that this sup- 
plement is available only to Chemical 
Economics Handbook subscribers. 

If it is within your editorial policy, 
we would very much appreciate your 
rerunning the notice and indicating 
this limitation on its availability. 
Rosert W. Tayior 


Stan‘ord Research Institute 
Menlo Park, Calif. 


Readers interested in subscribing to 
the excellent handbook published by 
SRI can contact them directly—Ep. 


More research and training 


ings. Valves 
% to 2”. NSF- To the Editor 
approved. Bud The recent trend of decline of en- 


Improved de- 
sign... now 12 
gpm. All wet- 
ted parts acid- 
resistant, wear- 
resistant Ace 
hard rubber. 
Finest availa- 
ble. Bul. CE-55. 


gineering has been repeatedly dis- 
cussed in Chemical Engineering Prog- 
ress (Opinions and Comments, Nov. 
1959, Jan. & Apr. 1960). You have 
also mentioned (April 1960) that not 
enough was said on what to do about 
it. Presumably you are particularly 
concerned with chemical engineering. 
As a former chemical engineer, may I 
venture a guess? 

High school students are shying 
away from chemical engineering be- 
cause of lack of publicity, people at 
M.S., B.S., or undergraduate 
level are leaving because of lack of 
specialization and lack of inspiring re- 


World's best 
chemical valves 
. at moderate 
prices. All-plas- 
tic,rubber-lined, 
or all-hard-rub- 
ber. pet 


ACE chemical resistant 


BY AMERICAN HARD RUBBER COMPANY 
DIVISION OF e ACE CORPORATION 


See ACE equipment in* 
Chemical Engineering Catalog 


For more information, turn to Data Service card, Circle No. 11 


search. Chemical engineering is com- 
posed of physical chemistry, applied . 
mathematics, engineering mechanics, 
mechanical electrical en- 
gineering, etc., a little bit of each, but 
never much of any one thing. Hence “ 
the average chemical engineer is quite 
handicapped in competing with any 
specialist; for example, an aerodynam- 
icist will be much better qualified 
than a chemical engineer in solving 
fluid mechanics problems. Many re- 
search works have been fancy but 
useless. Usually equations are set up 
according to “recipes” (for example, 
heat transferred “must” be propor- 
tional to temperature gradient) and 
continued on page 28 
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316 STAINLESS STEEL BOURDON TUBE 


PRESSURE CONTROLS 


316 
Stainless 
Bourdon 
Tube 


316 
Stainless 
Pressure 
Connection 


Nickel 
Plated 
Mechanism 


SERIES D-41, D-541, D-243 


WELDED BOURDON TUBE CONSTRUCTION 


EXTERNAL ADJUSTMENTS GENERAL PURPOSE NEMA 1 


VISIBLE CALIBRATED DIAL WRITE FOR BULLETIN 019 


MERCOID 


THE MERCOID CORPORATION 


MERCOID 


AVAILABLE IN THREE CASE STYLES 


SEALED MERCURY CONTACT WEATHER-PROOF NEMA 1A, 2, 3, 4 
VISIBLE ON-OFF CIRCUIT EXPLOSION-PROOF NEMA 7, 9, 9A 


CONTROL 


4201 BELMONT AVE., CHICAGO 41, ILLINOIS 


For more information, turn to Data Service card, circle No. 10 
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One Look at this Flow Sheet Tells You 
That the BIRD-YOUNG Vacuum Filter 
Is the One for Fume-Tight Operation 


The Bird-Young Filter’s unique design Other advantages of Bird-Young 

and simplicity of construction readily per- design include: 

mit totally enclosed, tightly sealed opera- e high throughput of solids 

tion. Exhausted air or vapor is subject to per foot of filter area which 

return so that pressure is always balanced often means fewer or smaller 
units 

and loss or expensive recovery of volatile 


solvents is avoided. e sharp separation of wash 


liquors from the filtrate and 


Before you buy a vacuum filter, look into from each other — efficient 
thin cake operation permits un- 


the Bird-Young. The Bird Research and Be 
Development Center is well equipped to 

give you a look at actual performance 
facts and figures in advance of your in- completely unrestricted — no 
vestment. internal piping 


BIRD 
- ATLANTA, GA, HUNTINGTON, W. VA. 
For more information, turn to Data Service card, circle No. 54 
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largest double-seated control valve ever made 


When you are talking big control valves, 

talk to Kieley & Mueller. K&M is the largest 
manufacturer of the big ones, control valves 
above 16 inches. Standard globe-type valves are 
available in 20, 24, 30 and 36 inch sizes; even 
larger valves will be produced on special order. 


This 36-inch double-seated angle valve 

closes snugly on giant Teflon seats. The inner 
valve positions responsively, gliding on special 
roller-slide bearings. It’s massive, but is operates 
protected by a K&M patented torque resistor. 
Beyond the problem of size, this valve is 
mounted on its side, and it has been performing 
creditably for over four years. 


BIG or small, if it’s control valves, you'll 

like the pitch-in, helpful approach of your local 
K&M representative . . . plus capable 
engineering and manufacturing follow-thru at 
the K&M plant. 


Write for Bulletin CV-53. 


ASS 


ABOVE: Partial cross-section of K&M 
36-inch valve showing general con- 
struction. 

AT RIGHT: Actual size of a 36 inch 
valve can be visualized frem this illus- 
tration of a workman inside the valve 


78th Anniversary ... Oldest U.S. Pressure and Level Control Valve Manufacturer 
For more information, turn to Data Service card, Circle No. 44 
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G AND DEHYDRATION 


ARTICLES 
AINTENANCE 


«The Fluid Energy “‘Jet- 
_in fluid energy fine grindi 
. controls fineness and product quality with a narrow distribution range 


and simultaneously with grinding can dehydrate, coat particles, blend and 
achieve chemical changes. 


Jet-O-Mizer Mills are being used all over the world, processing many 
types of materials in the following industries: 
* Abrasive * Food * Pigment * Wax 
* Insecticide * Mineral * Plastic * Metal 
* Ceramic * Pharmaceutical * Carbon * Chemical 
“Jet-O-Mizing” produces FINE PARTICLES 4 micron average and above 
PLUS . . . Narrow Particle Distribution * Dry, or Controlled Moisture 
Content * Continuous Operation * Uniformity of End Product * Other 
Operations with Grinding * No Attritional Heat—No Moving Parts * 
Low Operating Costs * Low Maintenance 
Send for complete information on Fluid Energy’s “Jet-O-Mizer” Mills, “Jet-O-Clone” 
Dust Collectors, and TESTING AND CUSTOM GRINDING services. 

FLUID ENERGY PROCESSING & EQUIPMENT COMPANY 
Richmond & Norris Streets, Philadelphia 25, Pa. +» Phone: Regent 9-7728 

(Formerly known as the Wheeler-Stephanoff Mill) 


For more information, turn to Data Service card, circle No. 20 


Letters to the editor 
from page 24 


then solved by computers. Compared 
to laws in physics, such as Newton's 
law of gravitation or the Pauli ex- 
clusion principle, many concepts in 
chemical engineering are, at best, 
— in nature. Accuracy of 
chemical engineering experimental 
data is usually r. The phenomeno- 
logical nature engineering 
studies requires many parameters. 
Hence these calculations cannot be 
justified over an order of magnitude 
estimate either theoretically or ex- 
—— In other words, the aim 
vas been the strengthening of the 
strongest (also the easiest one to get 
at) link in the chain, whereas the 
weaker links (validity of assumptions 
required to set up the equations, ac- 
curacy of experimental data, etc.) re- 
main untouched. This lack of inspir- 
ing research has cast some doubts 
about chemical engineering among 
scientists and engineers. The subject 
of chemical engineering is also either 
omitted or de-emphasized at a num- 
ber of major universities (for exam- 
ple, Harvard and Chicago). 

Little can be done about lack of 
publicity. Scientific achievements are 
the best publicity agents of science. 
Works of Fermi and Einstein (more 
recently, Yang, Lee and parity) have 
publicized physics enormously. So are 
]. Willard Gibbs, G. N. Lewis and 
chemistry. However, among the best 
engineers (such as Theodore von 
Karmen, Geoffrey Taylor, Stephen 
Timoschenko), few can be classified 
as chemical engineers. Also, there 
seems to be no Fermi or Einstein 
among the chemical engineers in the 
near future. It is iiialors question- 
able how chemical engineering can 
be publicized. 

However, teaching and research in 
chemical engineering can be im- 
proved, and ought to be. More fun- 
damental work, replacement of pon- 
derous calculations by simpler meth- 
ods, improvement in unit rations 
courses (removal of technica jargon, 
emphasis on fundamentals rather than 
applications of nomographs or em- 
pirical design equations) and more 
specialization in training all seem to 
be necessary. 

It seems that chemical engineers 
must improve both their research and 
training, or their future will be lim- 
ited to industrial production and de- 
velopment work only. 

Tunc Tsanc 
Department of Chemistry 
University of Chicago 


For more information, circle No 55> 
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Compressed Gas Notes 


GAS MIXTURES of all types 


GAS ANALYZER CALIBRATING MIXTURES 


p.p.m.—99.6% Oxygen in Nitrogen (Prepurified) 
p.p.m.—40% Carbon Dioxide in Nitrogen (Extra Dry) 
p.p.m.—40%, Carbon Dioxide in Air (Dry) . 
p.p.m.—10% Carbon Monoxide (C.P.) in Nitrogen (Prepurified) 
p.p.m.—0.5% Carbon Monoxide (C.P.) in Air (Dry) 
0.5-99.8% Hydrogen (Electrolytic) in Nitrogen (Extra Dry) 
p.p.m.—0.5% Hydrogen (Prepurified) in Nitrogen (Prepurified) 7 
p.p.m.—10% Methane (C.P.) in Nitrogen (Prepurified) 
p.p.m.—3.0% Hexane in Nitrogen (Prepurified) 


Gas Mixtures for Instrument 
Filling—Leak Detection 
Up to 10% Helium in Nitrogen 
(Prepurified ) 
(Dew Point—65°F. Maximum) 
Up to 10% “Freon-12” in Nitrogen 
(Extra Dry) 


SPECIAL ATMOSPHERES 


Forming Gas 
0-10% Hydrogen (Electrolytic) 
90-100% Nitrogen (Extra Dry) 
0-10% Hydrogen (Prepurified) 
90-100% Nitrogen (Prepurified) 


Biological Atmospheres 


Carbon Dioxide in Air (Dry) 
0.5-10% { Carbon Dioxide in Nitrogen (Extra Dry) 
Carbon Dioxide in Oxygen (Extra Dry) 


STERILIZING MIXTURES 


10%, Ethylene—90% Carbon Dioxide 
20% Ethylene Oxide—80% Carbon Dioxide 
Ethylene Oxide in “Freon” Mixtures 


RADIOACTIVE GAS MIXTURES 
Write for information on your gas mixture requirements. 


Gas Mixtures for Proportional 
and Geiger Counter Units 
1.3% Butane—98.7% Helium 
90% Argon—10% Methane 
99.05% Helium—0.95% Isobutane 
96%, Helium—4Y% Isobutane 


The Matheson Company specializes in 
providing gas mixtures of all types 
for an ever-increasing range of appli- 
cations. Our customers report such 
diverse uses as calibrating instru- 
ments aboard atomic submarines and 
providing inert atmosphere for pro- 
tecting instruments in jet transports. 
Wherever synthetic gas mixtures are 
used, chances are Matheson provided 
them. 


The development of instruments 
capable of detecting trace quantities 
of gases in the atmosphere, or other 
gas backgrounds has necessarily de- 
manded mixtures of ever increasing 
complexity and accuracy, and has 
made necessary a continuing program 
of research to provide the standards 
for calibration required by these new 
tools of the chemical industry. 


The Matheson Company, Inc., P.O. Box 85, E. Rutherford, N.J. 
Please send the following: 


Whether your requirement be for a 
sterilizing gas capable of extreme 


penetration, a radioactive gas mixture 
for tracer studies, or a controlled bio- 
logical atmosphere, Matheson’s broad 


(0 New Matheson Gas Catalog () Cylinder Valve Outlet Bulletin 
(0 Wall Chart: “‘Safe Handling of Compressed Gases"’ 


background of gas technology can pro- Name 
vide the high quality gas mixture for 
our application. 
y' PP | 
A typical listing of the mixtures 


prepared in our mixture department 
appears at the right. 


Compressed Gases and Regulators 
For more information, turn to Data Service card, Circle No. 85 
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East Rutherford, N. J. 


Joliet, Ill. 


The Matheson Company, Inc. 
Newark, Calif. 
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Engineers and Builds 
World’s Biggest Olefin Plants 


FUTURE WORLD’S LARGEST is Socony Mobil Oil 

Company’s ethylene plant at Beaumont, Texas. It 

aes . is the first large plant in the U.S. to crack naphtha 

into olefins. Engineered by The M. W. Kellogg 

Company, as shown in this scale model, it is sched- 

Hi uled for completion by Kellogg by 1961. Capacity 

will be 380 million pounds annually of 99.9% purity 
ethylene. 

This newest plant consists of steam pyrolysis, gas 
treating, and product recovery sections. It has been 
designed to handle simultaneously both liquid and 
gaseous feedstocks. In addition to ethylene, major 
products will include propylene, propane, a B-B 
product, gasoline, and fuel oil. 


LARGEST OUTSIDE THE U.S. is the English Wilton 
Works of Imperial Chemical Industries, which now 
includes three olefin plants. Photograph shows 
Plant No. 3. All are the result of close engineering 
cooperation between Kellogg and I.C.I. Together, 
they represent a current output of 110,000 tons per 
year of high-purity ethylene, and a potential of 
140,000 tons. 

Plant No. 1, commissioned in 1951, was the first 
full-scale adoption of the then novel process of oil 
pyrolysis developed in Kellogg’s laboratories. Its 
success led to the addition of Plant No. 2 in 1956, 
and then to No. 3—representing a 60° increase in 
olefin capacity —in 1959. 


Whether your approach to ethylene is through the steam 

pyrolysis of hydrocarbons or the recovery of ethylene 

from gas mixtures, Kellogg has developed processes 

which can assure the optimum investment, operating 

costs, product purity, and yield. For more information THE M. W. KE 

about Kellogg’s 2-billion-pound background in Third Ave., ow York 
engineering and/or building ethylene plants, write for a Offices of ether Kellogg companies are in Torento, 
copy of ‘Olefin Plants” Kelloggram. : London, Paris, Rio de Janeiro, Caracas, Buenos Aires 
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Take a look at the “works” of a MIKRO-PULVERIZER, and you'll 
have a pretty good idea why these units have been receiving 
the nod of approval from the processing industries for so many 
years. It’s not just a “grinder” . . . but a precision-engineered 
unit in which each component is carefuly machined and balanced, 
held to close, uniform tolerances. And this is true of the entire 
MIKRO-PULVERIZER line, from the smallest pilot plant mill to 


MIKRO-Products 


32 Chatham Road e Summit, New Jersey 


APPLYING TECHNOLOGY 


units producing upwards of ten tons per hour! You'll find the 
Mikro Laboratories at your disposal, ready to test grind your 
product and help you select the unit for your particular require- 
ments. As an additional assurance, we're set up to ship genuine 
Mikro replacement parts to you within 48 hours of order. Bulletin 
51A has the full story of models and capacities. It’s yours for 
the asking, with no obligation. 


PROCESSING SYSTEMS 


GRINDING CONVEYING COLLECTING 


REPRESENTATIVES throughout the United States, Continental Europe, British Isles, Canada, Mexico, Central and South America, 
West Indies, South Africa, india, Japan, Philippines, Australia and New Zealand. 


MANUFACTURING FACILITIES: United States, Canada, Continental Europe, British Isles. 
For more information, turn to Data Service card, circle No. 33 
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Weather isn't immune to modification 


THE OLD SAW ABOUT EVERYONE talking about the 
weather but no one doing anything about it has 
about run its course. Eight federal agencies, more 
than a dozen States, and about two dozen indepen- 
dent groups are involved in meteorological and 
cloud and weather modification activities. Basic 
studies underway, while growing in number, are 
of necessity moving slowly. Weather is not some- 
thing you can simply cork up in a flask and re- 
search in a comfortable lab. Nevertheless, progress 
is being made. Conceivably, alteration of local and 
regional weather patterns could affect selection of 
future plant sites, notably in regions deficient in 
water and power. 


Medicine man, go home 


The National Science Foundation is presently 
sponsoring a million-dollar-plus program for study, 
research, and evaluation in the field of weather 
modification. Research in the main will be charac- 
terized by its long-range fundamental approach, 
and practical results shouldn't be anticipated until 
basic data have been accumulated and analyzed. 
This is, as it should be, a far cry from some of 
the latter-day charlatans who promised to solve 
drought-stricken communities’ water problems 
overnight. Like the rainmakers of earlier days, the 
many amatuerish efforts simply compounded the 
confusion. A battery of criticism from members of 
the scientific community resulted in demands for 
a sound experimental approach. An outgrowth of 
this was the NSF program. 

In its first annual report on the subject of 
weather modification, the NSF has brought into 
focus progress being made by other groups as well 
as itself. And in reviewing the overall picture has 
highlighted some interesting findings. 

Arizona U. investigators, for instance, found that 
mean rainfall was approximately 30 per cent higher 
on seeded than on nonseeded days. Lightning 
flashes were about nine times more numerous on 
seeded days. 

Cloud seeding in mountain areas of the Pacific 
coast result in measurable increases in precipita- 


For more information, circle No. 33 
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tion, according to Chicago University experiment- 
ers. It's much harder to get results over the flat 
terrain of the Great Plains, and no positive results 
are forthcoming at this time. 

Arthur D. Little, Inc., scientists are investigating 
the theory that cloud electrification may be largely 
a cause rather than a result of precipitation, as has 
been previously thought. The U. S. Weather Bu- 
reau = observed that a peak is reached in the 
number of freezing nuclei in clouds in widely 
separated locations about 30 days after meteor 
showers occur on the earth. 

The Navy is supporting a study of freezing rain 
and the possibilities of modifying it to a less haz- 
ardous form of precipitation. It's also considering 
the possibility of a small rocket which could be 
launched by one man for seeding a specified cloud. 
The Air Force is working to figure out ways to 
disperse or prevent low clouds and fogs at airports. 

The Interior Department has an apeine inter- 
esting activity underway, dealing with evaporation 
modification. Monomolecular chemical films, spread 
over a water surface, can reduce evaporation. If 
practical on a large scale, local weather could be 
affected. 


Dial W- for weather 


The results of most of the studies and experi- 
ments indicate the need for fundamental research, 
and the NSF feels most field research projects 
should continue for 5-7 years to minimize annual 
variations. Despite the long-range aspects, there are 
glimmers which indicate a partial mastery of the 
weather is in the not-too-distant future. One report 
says cloud seeding in 11 Western states wollen 
runoff by 15 million acre-feet annually. When prob- 
lems are solved in the plains states, a much greater 
increase can be expected. Proper cloud seeding 
should result in more gentle rainfall, and less severe 
storms, lightning and hail. The rea! long-range 
picture involves meterological satellites and climate 
control on a continental scale. This, it goes without 
saying, lies within the realm of a remote possibil- 


ity. 
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CHECKUP on your Control Valves... 
CHECKOF F these Annin Advantages*& 


MINIMUM number of parts per 
complete vaive. 


OVER 60,000 successful case 
histories of split body 
valve applications. 


POSITIONING ACCURACY 
/ guaranteed, .001 inch 
/ per inch of stroke. 


CONSTANT INSTRUMENT signal 
/ sensitivity throughout signal range. 


of any Domotor vaive to on-off 


/ 
* Any oth er COMPLETE INTERCHANGEABILITY 


pneumatic control, pneumatic 


/ 
/ source might hydraulic, electro hydraulic, 
give you electro pneumatic or 


manual actuator. 


a few... 
ENGINEERED FOR MANUAL 
but with control with any of the above 
automatic actuators, if desired, 
Annin you at minimum cost. 


get them all! SIMPLIFIED ADDITION of high speed 
booster units to any pneumatic 
positioning actuator. 


ADAPTABILITY of bellows seal, 
doolseal or plain extension to any 
standard valve. 


BODY SIZES from 4” up. 


COMPLETE LINE of body ratings: 
600— 1500— 2500 Ibs. ASA; 

special 10,000 and 60,000 psig design, 
temp. —450°F to 1600°F. 


CONVERSION FROM globe body 
to angle body construction with only one 
additional part. 


ADAPTABILITY TO 3-WAY Valve 
Construction with minimum 
parts and cost. 


MINIMUM COST for change from 
soft seat construction to hard seat, 
or vice versa. 


THE ANNIN COMPANY 
First in a series of checklists 1040 South Vail Avenue 

on Annin features. VU VAL VES Montebello, California 

For more information, turn to Data Service card, circle No. 36 
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Whither 
engineering 
education? 


NOTHING EVER STANDS STILL, including 
engineering education. It, like all 
things, must shift with the changing 
times to respond to the needs of today 
and tomorrow. But change is not 
necessarily totally beneficial, nor is it 
necessarily as rapid as it should be. 
These latter comments reflect state- 
ments made recently by two eminent 
academic officials. 

There has been a shift away from 
the empirical towards the theoretical 
and abstract, says Julius A. Stratton, 
M.LT. president, a change which is 
alarming. His concern is that in the 
process of em | for the student a 
mastery of mathematical analysis 
there will be a failure in the equal 
development of his other powers of 
perception. 

Despite all the current emphasis 
upon graduate research, there has 
been a steady decrease in the time 
exacted from an undergraduate in lab 
experiments and a more than compen- 
sating increase in hours devoted to 
theoretical discussions. Only through 
action and experiment does a student 
learn to observe. Analysis divorced 
from physical objectivity ultimately 
becomes barren, he continues. 

It's a curious fact, says Stratton, 
that American mathematicians tend to 
be the most scornful of the potential 
usefulness of their labors. It is strange 
that, in light of our national heritage, 
the scholarly emphasis on physics is 
increasingly on the theoretical at the 
expense of the experimental. The 
power of logical analysis to abstract 
immensely complicated physical sit- 
uations constitutes one of the supreme 
achievements of the human mind. But 
when abstraction becomes an end in 
itself, science and art invite sterility. 

An almost arrogant intellectualism 
seems to affect a wide domain of 
American scholarship, according to 
Stratton. We must beware of immod- 
eration in our approach to scholarship 
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—of excesses that drain learning of its 
human content, and convey to the 
student merely an anemic image of 
the human drama, he says. 


Engineers’ new domain 


The human aspect, meanwhile, is 
one which falls more and more into 
the domain of the engineer. As the 
world and our society becomes still 
more technologically complex, the 
greater will become the reo of 
the engineer in the shaping and direc- 
tion of human affairs, says Dr. Robert 
F. Goheen, Princeton president. And 
there is a growing realization that the 
nature of engineering education must 
also change to accommodate new, in- 
tellectually rigorous demands. He 
raises four points, the first of which 
is somewhat contrary to his col- 
league's ideas. 

1. The four undergraduate years 
should be pointed at the science of 
engineering, leaving training in skills 
and specialized technologies largely 
to industry. 

2. Post-graduate education to doc- 
toral level should, and will, receive 
increased emphasis, with engineers 
having to develop improved and ex- 
panded doctoral programs. 

3. Engineers will be called a 
for greater knowledge, understanding 
and concern about human affairs and 
human values than heretofore. More 
knowledge of humanities and socio- 
political affairs will be required. 

4. The engineering profession must 
foster a truer understanding of sci- 
ence among laymen to avoid widen- 
ing a breach between technical and 
non-technical 

Both gentlemen have made pointed 
and provocative statements, some or 
all of which will affect the future 
course of engineering education. 
Whither and how far it goes is far 
from a well-defined path. 

L.R. 
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SOME FACTS AND 
FALLACIES ABOUT 


Packed towers are practical 
in diameters over 3 ft. 


TRUE. Modern tower packings, such as “Intalox”® 
saddles and metal Pall Rings have made 
an old “rule-of-thumb” obsolete. Formerly, 
engineers were hesitant to use packed 
towers over three feet in diameter, 
especially where distillation was involved. 
However, the high efficiencies and low 
pressure drops of these new packings have 
made large diameter towers a practical 
and economical mass transfer tool. We 
can cite distillation, absorption and even 
liquid-liquid extraction towers in success- 
ful operation whose diameters run 8 ft. or 
more. 


A] Packed towers give higher pressure drops 
than tray columns. 


FALSE. Because of their low pressure drops, “Inta- 
lox” saddles and metal Pall Rings have 
found wide application in vacuum distil- 
lation. In these rather critical rectifica- 
tions, metal Pall Rings, especially, have 
such low resistance that pot temperatures 
—and product pyrolysis—are maintained 
at a minimum. Moreover, these low pres- 
sure drop properties lead to smaller tower 
diameters with greater liquid irrigation 
densities and lower H.E.T.P. 


tower performance. 


Are you on our mailing list to receive new technical 
data on packed tower performance as it is released 
from our experimental laboratories? If not, drop us 
@ note on your letterhead. No cost or obligation. 
Write Dept. CEP-860, The U. S. Stoneware Co., 
Akron 9, Ohio. 
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Packed towers have lower first cost 


than tray towers. 


TRUE. Again, this is true because of the develop- 


ment in recent years of unique packing 
shapes. Their high capacity and greater 
mass transfer efficiencies permit the de- 
sign of shorter and narrower columns, 
requiring smaller fluid moving equipment. 
Where corrosion is a factor, the low cost of 
chemically inert ceramic packings means 
impressive savings over the cost of special 
corrosion-resistant alloys. 


Packed beds make efficient 


entrainment separators. 


TRUE. Mist elimination sections consisting of 


packed beds are used in commercial scrub- 
bing equipment, even where the scrubbing 
sections themselves consist of trays. More- 
over, the chemical engineering literature 
quotes many actual installations in 
sulphuric acid and other plants where 
satisfactory performance is being obtained 
from packed beds. Where fouling is a 
problem, the choice of the proper packing 
with a large interstitial free space, com- 
bined with adequate hydraulic radius, will 
prevent deposition of solids and thus main- 
tain low pressure drop. 


A Performance of packed towers can’t 


YES, the introduction a few years ago of “Intalox” saddles, and, more 
recently, the metal Pall Ring, used with properly designed packed tower 
internals, has brought about a re-evaluation of methods used to effect 
mass transfer . . . have made yesterday's facts, today’s fallacies. In 

new tower design, or to obtain greater capacity or better efficiency 
from present towers, it will pay you to investigate modern packed 


U. s. ST 


be predicted accurately. 
FALSE. Today packed tower performance can be 


predicted about as accurately as that of 
plate columns. That was not true, how- 
ever, ten years ago. Accurate design data 
are multiplying rapidly as the use of 
packed columns continues to grow at a 
rapid pace. Extensive research being made 
in packed towers up to 30” in diameter 
is providing data that can be used to pre- 
dict the performance of towers up to 25’ 
or more with reasonable accuracy. 


INEWARE 


AKRON 9, CHIO 
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Jerry J. TABOREK 
Fhillips Petroleum Co. 


Optimization 
in process equipment 
design 


Photo courtesy IBM 


A critical survey of some methods and practices used for equipment design 
optimization with special emphasis on the use of digital computers. 


Improved understanding of many 
engineering processes allows equip- 
ment ormance prediction with 
unprecedented acc . This has 
been mn particularly by the avail- 
ability of electronic computers which 
do not set the narrow limits to the 
intricacy of the mathematical models 
used. Intense competition in many 
fields lets even marginal savings in 
the operational cost appear more 
lucrative than they used to be. Con- 
sequently, if the specifications call for 
a plant of a certain capacity, the 
chances are, these days, that the man- 
agement can get what it asks for with 
no (or much less) over-design safety 
factor included than was established 
practice in the past. 


EQUIPMENT OPTIMIZATION 
LOGIC 


Most problems of engineering 
equipment design have several if not, 
at least theoretically, an infinite num- 
ber of solutions, The objective of 
optimization is to select, out of the 


multiplicity of potential solutions, the 
one which is best with respect to 
some desired property. While this 
variable can be any particular design 
parameter such as over-all size, 
ground space, weight, hold-up vol- 
ume, etc., the most frequently en- 
countered problem will that of 
cost which will also be the basis for 
the following considerations. 


Process operation economics 


The general definition of the finan- 
cial aspects of a process is that the 
profit P ($) is the difference between 
the value of the product V ($) and 
the cost of performing the operation 
C ($), or 

P= V-C (1) 

The cost of operation C can be 
broken down further to any desired 
detail. But two substantial groups can 
be distinguished: The fixed cost I 
($), which includes the cost of initial 
installation and all factors depending 
on its value; the operating cost E 
($), which includes all the cost com- 
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pean associated with running, the 
acility, such as energy supply, regu- 
lar and major maintenance, etc.’ 
: 
C=I+E (2) 

The optimum design is one that 
will produce maximum profit. How- 
ever, an optimum will not always ex- 
ist. The optimum condition is such 
that one or more operational param- 
eters can be vari within a suffi- 
ciently wide range to effect substan- 
tial changes in the equipment design 
and its cost; and at least two of t 
profit components V, I, and E will be 
affected by such variations in mutually 
opposite directions (i.e. one will in- 
crease while the other decreases) or, 
if changing in the same direction, 
their respective rate of change will 
be sufficiently different to produce an 
inflection point. Two typical exam- 
ples can be given. 
Example 1. The values of the product 
V a operation cost C are variable 
with an operational parameter p. This 
situation would apply to the design 
of a reactor where the operating pres- 


August 1960 37 


sure is the variable. The product val- 
ue will increase with pressure due to 
higher conversion, but so also will 
the cost of the apparatus and its 
operating cost. The rates of increase 
are, however, different and an opti- 
mum will exist at p,:, Figure 1. 
Example 2. In most cases of equip- 
ment design the result of the operation 
will be an intermediate product to 
which no value can be easily attached. 
In such cases V is constant, and an 
timum design will be possible aly 
if the component factors of the oper- 
ational expenses ] and E form a mini- 
mum total expense C, which will then 
be identical with maximum profit. A 
practical example of this case is the 
design of an optimum heat exchanger 
for specified duty and fixed tempera- 
tures. The heat exchanger is a part 
of a complex process and no value 
can reasonably be attributed to its 
function. The independent variable of 
optimization in this case is the fluid 
flow velocity. The higher the flow 
velocity, the smaller will be the re- 
uired area and the fixed cost, but 
e higher will be the cost of produc- 
ing the flow velocity — The 
cost components I and E e mag- 
nitude in opposite dennis thus fix- 
ing an optimum at p,», Figure 2. 


Extent of process circuit 


The extent of the process circuit 
which should be included in the opti- 
mization calculations commands par- 
ticular interest. Whenever there is an 
operational parameter common to 
several units, the optimization should 
be carried out on the entire circuit 
involved. The extent of such calcu- 
lations will frequently be prohibitive 
and simplified mathematical models 
for the individual units will have to 
be introduced. However, establishing 
the optimum with respect to the over- 
all process will bear much greater 
validity than the opposite process of 
optimizing the sy circuits inde- 


pendently. The latter procedure will 


Figure 1. Variation of product V and 
operation cost C with operational 
parameter p. 
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not necessarily lead to an over-all 
optimum. 

Let us assume a relatively simple 
process as shown in Fi 

Cat cracker gas is fed to the first 
compressor stage, then throu = ge an 
intercooler where the liquefi 
tion is separated. The gas is fealier 
compressed in the second stage, 
cooled again, and fed to an absorber. 
The deeper we cool in the intercooler 
and the less pressure drop we re- 

uire, the smaller will be the load on 

e second compressor stage due to 
lower temperature and smaller volume 
as a consequence of greater liquid 
separation. The performance of the 
aftercooler will, in turn, determine 
the design of the absorber. 

The cooling water, itself, will form 
a separate economic circuit with the 
cooling towers and their accessories. 
The pressure drop of the water 
through the heat exchangers will con- 
stitute a third-degree optimization 

arameter. 

All of these factors are interre- 
lated and a rigidly-valid optimization 
is possible only if all of them will 
be considered simultaneously. While 
the given example is simple compared 
to actual cases, rigorous optimization 
would require a considerable number 
of calculations (probably beyond our 
present capabilities) and _simplifica- 
tions would have to be introduced. 

The decision as to how large a 
circuit should be considered will be 
made for each individual case, based 
on the estimated sensitivity of the 
over-all cost to variations in the op- 
erating parameter and will be also 
governed by the feasibility of nu- 
merical execution. 


OPTIMIZATION METHODS 


Having defined the basic economic 
equations for the circuit subject to 
optimization, there are several meth- 
ods available for establishing the op- 
timum values of the design param- 
eters. 


Analytical solution 


Analytical methods connote purely 

mathematical operations. 
Classical method. The method is 
based on the mathematical theorem 
that equating the first differential of 
a function to zero and solving for the 
variable will deliver the position of 
the peak, 

Optimization by this classical meth- 
od is possible in all such cases where 
we deal with continuous parameters 
and equations, which in their differ- 
entiated form allow explicit solution 
for the optimization parameter, Un- 
fortunately for engineering equipment 


designs these conditions apply only 
in exceptional cases. Nevertheless, 
several analytical optimization solu- 
tions for equipment design have been 
worked out, in the heat 
transfer field (1-5). te were pos- 
sible only after the introduction of 
more-or-less bold simplifications (e.g. 
cost of heat exchangers assumed pro- 
portional to area). 

For these reasons, optimization of 
— ment design by analytical meth- 

as been used predominantly to 
<t demonstrate the effects of opi- 
mization parameters on typical exam- 
ples and to establish generalized de- 
sign rules. In many cases this leads 
to practical and useful design meth- 
ods but the user should be aware of 
the conditions restricting the validity 
of such developments. 
Problems containing restrictions. Most 
engineering equipment is subject to 
a number of dimensional or opera- 
tional restrictions derived from com- 
mercial availability, standard-size se- 
ries, manufacturing practices, or proc- 
ess limitations. To deal with cases 
where restrictions are imposed, we 
have available a modification of the 
classical analytical method,' in which 
use is made of Lagrange’s undeter- 
mined multipliers, Any arbitrary num- 
ber of restrictions can be imposed, 
but the mathematical complications 
rise rapidly and the use of digital 
computers will be necessary for all 
but simplest problems. 

This method shows elegance of 
mathematical solution techniques, but 
it has several limitations. While it 
will deliver a maximum (or minimum) 
by solving the system of differential 
equations, it does not provide any 
guarantee that this peak will not be 
a secondary one. For the successful 
application of this method the exist- 
ence of the peak within the specified 
restrictions should be confirmed by 
other methods. 


Method of steepest ascent 
This method, widely used in ex- 


Popr 


Figure 2. The cost components | and E 
change in magnitude in opposite di- 
rections thereby fixing the optimum at 
Popr- 
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perimentation, can also be applied to 
design optimization, If we imagine 
the relations between the optimiza- 
tion parameters as represented by a 
multidimensional with the 
profit as a dependent variable, the 
method will “seek out” the peak of 
the surface closest to the starting con- 
ditions by ng incrementally 
in the direction of the maximum gra- 
dient. However, differentiation of the 
parameter functions involved must 
again be possible. There is also no 
guarantee that the peak found is not 
a secondary one, The method requires 
the use of a digital computer with 
good knowledge of mathematics and 
is presently not very popular. It is, 
however, the opinion of the writer 
that this method, possibly supple- 
mented by suitable refinements, “A 
still unexhausted potential for equip- 
ment design optimization. A partic- 
ular advantage is its good adaptabil- 
ity to computer programming. 


Case study method 


The analytical methods described 
in the previous paragraphs had one 
property in common: they all required 
that it be possible to differentiate the 
functions relating the variable param- 
eters. This condition cannot always 
be fulfilled. In many cases the opti- 
mization parameter will be a discon- 
tinuous or step function, or will have 
a form not suitable for differentiation. 
Under such conditions the analytical 
methods are not applicable, but use 
may be made of the “case study 
method”, The mechanics of solution 
are the simplest possible: a set of 
complete design solutions for the 
equipment units involved are ob- 
tained at judiciously selected values 
of the optimization parameter scat- 
tered around the expected optimum 
point. If the first set of assumed 
values does not include the optimum, 
it will probably indicate the trend 
and subsequent selections will be pro- 
gressively more accurate, until the 
optimum is reached or its position 
can be constructed as an inflection 
point of a curve. 

The final presentation of the re- 
sults is in a tabulation or, preferably, 
a graphical plot of cost vs. the oper- 
ational parameter. To establish this 
relation, the solution of each case (i.e. 
the design to each assumed value of 
the optimization parameter) must be 
subjected to an individual economic 
analysis. This will consist, essentially, 
of establishing all the factors required 
for the solution of the operating cost 
equation; these are the initial equip- 
ment cost and the operating and 
maintenance cost. While the procure- 


ment of such values for each case 
will have the disadvantage of bein 
inherently tedious, the accur 

the calculation can be carried to any 
desired and individually controllable 
level. This is in particular contrast to 
the analytical methods, which permit 
only generalized cost definitions. 

The result of these calculations will 
be a curve, in the case of completely 
continuous relations between the va- 
riables, or a step-function, in cases 
of dimensional or other restrictions. 
The evaluation of the results will 
include not only the primary objec- 
tive of establishing the optimum de- 
sign but the cost curve will show, 
in most effective form, information 
about the relations between the over- 
all cost and the optimization param- 
eter throughout a wide range of 
potential solutions. Moreover, because 
the design solution to each value of 
the operational amore is subject 
to restrictions inherent to any partic- 
ular situation, these solutions will be 
real and directly eligible for final 
selection. 

A serious limitation of this method 
is that the result requires a cc 
form of representation which is lim- 
ited by the restrictions inherent in 
our three-dimensional space. Fortu- 
nately, many engineering design prob- 
lems deal with not more than two 
simultaneous variables, and most of 
the others can be reduced to two 
by assuming selected values for the 
higher degree variables. 


CRITIQUE OF METHODS 


In summarizing the outstanding 
properties of the various optimization 
methods we can evaluate them with 
respect to their Larne to digital 
computer use. is criterion of qual- 
ity is justified as the extent of calcu- 
lation involved will almost invariably 
be beyond the capability of manually 
performed arithmetic. 


Analytical methods 
The analytical methods will un- 
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doubtedly deliver the most elegant 
solutions, but they will also have 
severe limitations: 


l. The result of the analytical meth- 
od will, in any case, be a single- 
point solution which will not give 
any indication about the curva- 
ture of the optimization surface 
around the maximum. Consequent- 
ly, if the engineer has to deviate 
from the theoretical optimum be- 
cause of construction limitation 
or other intangible reasons, this 
method will not give him any in- 
formation concerning the direction 
in which such deviation should 
be made nor how much it will 
cost. If the shape of the optimum 
peak has to be explored, this will 
require the solution of a series of 
designs at selected values of the 


variables. 


2. Many functions involving fre- 
uently encountered variables are 
iscontinuous or step-functions, or 

for other reasons are not adaptable 
for differentiation. For example, 
the LMTD correction factor re- 
quired for optimum solution of 
any heat exchanger problem is 
not differentiable. This limitation 
im severe restrictions on the 
validity of analytical methods for 
many heat exchanger optimiza- 
tions. 


. The analytical method will require 
a special mathematical solution 
for each combination of variables 
and for each particular formula- 
tion of the problem. Deviations 
of the original engineering as- 
sumptions such as changes be- 
tween laminar and turbulent flow 
and the mathematical representa- 
tion of the transition region will 
often lead to prohibitive compli- 
cations. 


. The conditions described above 
also imply that a special computer 
program would have to be com- 
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Figure 3. Stylized flow sheet of Cat cracker used in optimization example. 
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Figure 4. Optimum air cooler design solution as 


supplied by computer. 


piled for each case. This would be 
true if we considered the optimi- 
zation of the numerous possible 
combinations in groups of process 
units such as shown in Figure 4. 
Even if we assumed that the cost 
of programming would be eco- 
nomically justified, experience 
shows that the time lag between 
the problem conception and the 
availability of a pro- 
gram would put the equipment 
designer to a severe test of pa- 
tience. 

The extent of calculations involved 
by the analytical methods is, con- 
trary to superficial impressions, 
considerable for all but the sim- 
plest cases. This is true particularly 
if restrictions must be imposed on 
the parameters and the method of 
undetermined multipliers is used. 


Case study method 


The case study method is well 
suited for computer use. It has none 
of the limitations of the analvtical 
methods. 

Let us assume that a general pro- 
gram is available for designing certain 
process equipment. This same pro- 
gram can then be used for optimiza- 
tion calculations by simply solving 
the design for several values of the 
optimization parameter. Furthermore, 
any of the operational parameters and 
their combinations can be subjected 
to optimization with the same general 
program and without any additional 
programming as long as such param- 
eters appear as input variables in the 
program. 

The complete economic calcula- 
tions, including an elaborate unit cost 
estimation, can also be included as 


a part of the computer program. The 
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final evaluation of the results will usu- 
ally be graphical. As a further refine- 
ment, subsequent guesses at the vai- 
ues of the optimization parameter can 
be internally generated in the com- 
puter, within limitations, as imposed 
by the problem data input. The au- 
thor has compiled such an optimiza- 
tion program for Phillips Petroleum 
Company for the design of optimum 
air coolers with respect to air veloc- 
ity and number of rows. The calcu- 
lation requires about one minute on 
an IBM 709, An example is presented 
below. 

A particular advantage of the case 
study method is that groups of vari- 
ous equipment units appearing in 
process circuits can be optimized by 
the method without developing a 
special program. Thus, compressor 
and intercooler optimization can be 
accomplished by the use of separate 
compressor and heat exchanger pro- 
grams, An example of optimizing the 
combination of an air cooler and wa- 
ter cooler shell and tube heat ex- 
changer by using two separate pro- 
grams is also given below. 

Currently, for the evaluation of 
multiple unit systems having a com- 
mon parameter, separate programs, 
followed by a graphical — 
are being used. However, this is not 
a functional, but rather, a technical 
limitation of the method. As com- 
puters with larger memory storage 
capacities become available, it will be 
possible to have several equipment 
design programs working simultane- 
ously, hooked up with only a simple, 
common logic of optimization. 

The present limitation of this 
method to two independent variables 
is also not a functional one. The 
author can visualize a combination of 
the case study method with the 


VELOCITY, ft/sec. 


Figure 5. Cost analysis of air cooler: 4-tube row 
construction. 


method of the steepest ascent in 
which the generation of the subse- 
quent guesses would be determined 
by a precise system; but the differen- 
tials would be replaced by final dif- 
ferences. 

The building blocks of such a pro- 
gram would be independent equip. 
ment design programs. These could 
then be grouped in any desired com- 
bination, as dictated by the process, 
but their interrelation would be gov- 
erned by a relatively simple over-all 
optimization logic, which would be 
the only part of the program special 
to any one case. The solution would 
be the construction of the actual 
contour of a multidimensional surface, 
the peak of which would represent 
the optimum solution. Such methods 
would be free of any restrictions ex- 
cept that of the calculation time in- 
volved. Presently, we can calculate 
the design of a shell and tube ex- 
changer on the IBM 7090 in less 
than 10 seconds. With computer 
speeds increasing at their present rate, 
such systems will be possible in the 
near future and will probably repre- 
sent the ideal solution for many opti- 
mization problems in the process in- 
dustry. 


Optimum design of air coolers 


In designing an air cooler for a 
given temperature and duty, there are 
a large number of possible solutions 
with the air velocity v and the depth 
of the coils (number of rows a be 
ing the variables. The higher the air 
velocity, the higher will be the air 
film coefficient and the smaller will 
be the unit required, but also, the 
higher will be the pressure drop and 
the work required of the fan. A higher 
number of rows will permit the con- 
centration of large heat transfer areas 
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in small units, requiring less expense 
for structures. The film coefficient will 
(at least for induced draft) increase 
with number of rows as a result of 
better turbulency. The limitation is 
imposed, however, by high pressure 
drop, for which no suitable fan de- 
signs will be commercially available. 
The optimization of air cooler design 
by an analytical method has been 
shown by Kern (5). 

Expressing the heat transfer area A, 
the pressure drop AP, and the air flow 
W with equations in terms of the 
operational variables v and n, we get, 
after differentiation, two simultaneous 
equations from which the optimum 
value of the parameters can be de- 
termined by a trial and error con- 
vergency. If the optimized design does 
not fit commercially available units, 
adjustments will have to be made, but 
the analytical method will not indi- 
cate the preferred direction of change 
or how much such deviation will cost. 
The simplified cost equation will also 
be valid only within a certain limited 
range of the parameters. 

Optimization design by the case 
study method for this problem has 
been programmed for a digital com- 
puter. The basis of the program is a 
design solution of the air cooler for 
a given air velocity and number of 
tube rows. The engineer setting up 
the data will ples the lower and 
upper limits of v and n and the com- 
puter will automatically supply solu- 
tions of all possible combinations be- 
tween these variables. The cost of 
each unit including air fans is esti- 
mated in the computer by solving a 
set of predetermined cost equations 


which can be made much more accu- 
rate than the generalized correlations 
used, by necessity, for the analytical 
method. 

Solution of an example as supplied 
by the computer is shown in Figure 
4, plotted as yearly cost vs. air veloc- 
ity with number of rows in param- 
eter. The curves do not show any 
consistent pattern due to the fact that 
non-practical solutions have been 
eliminated by the computer and ad- 
justed to actually available units. The 
optimum falls into the 450-600 ft./sec. 
range, which coincides with the gene- 
ral predictions of the analytical meth- 
od. One case (4-row design) is broken 
down in the cost components in 
Figure 5. The effect of payout time is 
also demonstrated, showing a shift to 
lower velocities with increasing pay- 
out time, i.e. toward designs with 
larger initial cost and smaller operat- 
ing cost. 


Optimized selection of air vs. 
water coolers 


In this example, the problem is to 
cool a hot oil stream from 200 to 
100°F. This can be done by air cool- 
ing, water cooling, or a combination of 
both. The economic decision in favor 
of any one of the possibilities will de- 
pend upon a number of process condi- 
tions: the temperature range of the 
hot fluid, inlet temperature and per- 
missible rise of the cooling water, 
ambient temperature of the air, and 
some over-all economic factors; in 
particular the cost of supplying the 
cooling water. 

For this example the cooling tower 
cost, including supporting facilities of 
$2,200/(Bt.u.)(hr.), was assumed 
and 5% make-up water was required at 
a cost of $0.12/1000 gal. Payout time 
of 2 yr. with 10% interest rate on in- 
vestment was set. 

Complete design calculations for air 
coolers for three ambient air tempera- 
tures of 75°, 95°, and 105° were 
obtained from a computer program 
for various heat duties by holding the 
hot inlet temperature constant and 
assuming several values for the hot 
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outlet up to the full cooling range. 
The economic analysis of each desi 
was automatically supplied by 2 
computer program and results plotted 
against the hot outlet temperature in 
Figure 6. The intercepts of thesé 
curves with the given hot outlet tem- 
mgrup shows the cost of the cooling 
y air alone. Note, that the 105°F 
ambient air temperature will intercept 
at an unrealistically high cost. 

The cost of the water cooler was 
also determined from a computer pro- 
gram, but this time the hot outlet 
temperature (100°F) was kept con- 
stant while the heat duty was varied 
by changing the hot inlet tempera- 
ture for the full range. The cost of 
the heat exchanger - was raised 
only slightly despite the larger dif- 
ferences in the total heat duty, as 
these were offset by the increasing 
temperature differences. However, the 
amount of water with the correspond- 
ing charge for the cooling tower facili- 
ties was increasing steadily with the 
heat amount transferred. The intercept 
of the curve with the given hot inlet 
temperature determines the cost if 
water cooling is used alone. 

For the 75°F air ambient tempera- 
ture, total cooling by air is preferable 
by a wide margin. For 95°F the total 
air cooling would require slightly 
higher cost than total water cooling 
but the combination of air and water 
cooling with about 130°F trim tem- 
perature is the economic optimum. 
For 105°F ambient temperature total 
air cooling is impossible and the air- 
water combination with about 145°F 
trim temperature shows a distinct 
economic optimum. 

Each of the air cooler designs 
taken as a basis for this evaluation 
was, by itself, an optimum ye « with 
respect to air velocity and tube row 


depth as supplied automatically by 
the computer program. 
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Optimization 
in process development 


analysis 


Successful chemical processing depends on 
proper evaluation of broad alternatives and 


external variables and maximization of 
process and equipment performance. 


Ovpruuzation IS THE KEY to the 
successful culmination of any develop- 
ment venture, whether it is carried out 
by deliberate procedures or intuitive- 
ly. With imperfect or inept optimiza- 
tion, even the most novel research 
effort can be nullified. Recently 
developed techniques of Operations 
Research and Systems Engineering 
represent attempts at conscious meth- 

to carry out this function more 
successfully. 

In this article, optimization is de- 
fined (1) as it is used in the field of 
Operations Research and __ briefly 
stated is “simultaneous consideration 
of all possible allocations of one’s re- 
sources, consideration of the prob- 
able impacts of all exogeneous events, 
and the maximization, subject to cer- 
tain initial constraints, of the utility 
function of the optimizer.” 
Optimization from the standpoint 
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of conscious method application 
would be ideal if a broad conceptual 
and mathematical model could be im- 
mediately created for application to 
processes with subsequent arrival at 
procedures to guide development and 
final definition of the process. Unfor- 
tunately, it is rare that this can be 
accomplished. Nevertheless, decisions 
must be arrived at and considerations 
must be carried out in three major 
areas which, if not properly empha- 
sized, may lead to less than optimum 
accomplishments. These are: 

1. Broad alternatives. A factual 
review of critical aspects must be 
made to provide the basis to supple- 
ment Management’s ideas and ex- 
perience. 

2. External variables. The effect 
of external variables on the stability 
and success of plant operations, par- 
ticularly variables which are not con- 


CHEMICAL ENGINEERING PROGRESS, (Vo!. 56. No. 8) 


Iterative process in ex- 
perimental design. 


trollable within the process bound- 
aries, are important. The environ- 
ment under which the process is 
expected to operate must be fully 
appreciated to make intelligent deci- 
sions and to set up proper criteria for 
process development. 

3. Maximization. Equipment per- 
formance must be maximized within 
the constraints set up by the consid- 
eration of the first two steps and the 
criteria set up in the original re- 
search work and economic study of 
the project. 

Process development alternates 

Managerial experience and indus- 
trial position play a major part in 
choosing between alternates in the 
final scheme of a development. Gen- 
erally process development is carried 
out by an organization which has ac- 
cumulated years of experience in 
processing or manufacturing prod- 
ucts not too far removed from the 
schemes of development under con- 
sideration. In the course of these 
operations, the company undoubtedly 
has developed a position in posses- 
sion of properties, natural resources, 
and patents based on prior research 
efforts. Also, the company has an 
operations department staffed with 
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well-versed individuals having ex- 
perience in the actual use of various 
techniques in commercial production, 
as well as an established market and 
a staff for potential exploitation of 
further products. A younger corpo- 
ration may have few or none of the 
above assets and is rarely in a posi- 
tion to carry out large-scale process 
development. It is important that 
where these factors do exist, they 
play an important part in the con- 
siderations and the decision between 
broad alternatives of the development 
schemes. 

Consider the case of mining and 
retorting of shale to produce shale 
oil as illustrated in Figure 1. There 
exists the broad alternatives of in situ 
retorting or combustion, avoiding 
mining and processing completely in 
both these cases. It is important that 
a review of technical, economic, and 
best-interest position of the corpora- 
tion be reviewed before making a de- 
cision to proceed on perfecting min- 
ing and processing techniques per se. 
Perhaps some development effort 
should be expended on both schemes 
privr to the selection. 

The decision as to whether a proc- 
ess should be carried out batch-wise 
or continuously certainly is in the area 
of broad alternatives. Any manage- 
ment decision in this area has a basic 
impact on subsequent development 
work. 

Patent position. The patent posi- 
tion of a research organization con- 
tinually develops. In some fields past 
research operations may very well 
have a patent position 
which dominates the field. Selection 
from the alternatives of process de- 
velopment can be directly affected by 
a corporation's position in this regard. 

Operation experience. The operat- 
ing departments, which must accept 
and use the new process, must be ad- 
vised and sometimes will play an im- 
portant part in process selection. For 
example, consider a catalytic process 
where regeneration is carried out ver- 
sus an alternate which does not in- 
volve regeneration, but may have 
other stringent requirements to main- 
tain this type of operation. The op- 
erating department may strongly rec- 
ommend that developments should 
proceed along the line of non-regen- 
erative operations because of prior 
experiences of problems in carryin 
out regeneration in large commercia 
units. On the other hand, the oper- 
ating department may point out con- 


siderable problems in maintaining re- 
quired quality control for non-regen- 
erative type of techniques. Process 
development may favor the potential 
of carrying out an operation utiliz- 
ing solid adsorbents as illustrated in 
Figure 2. However, the operating de- 
partment may have had previous ex- 
perience in the use of liquid adsorb- 
ents only and may recommend the 
use of this system in the development 
effort, thus ey age and avoiding 
some problems in adaptation to a 
novel type of operation. 

Marketing. Sometimes the scheme 
of development may involve broad 
alternates which directly effect the 
range of products to be marketed by 
the company operating such a proc- 
ess. For example, solvent extraction 
in upgrading naphtha leads to dif- 
ferent products than a_ catalytic 
method. Marketing would dictate the 
process which yielded the product of 
greatest value. 

Process evaluation and Operations 
Research go hand in hand in advising 
management in these broad alter- 
natives. 


External variables 

The environment under which the 
rocess is expected to operate must 
os fully appreciated to make intelli- 
gent decisions as to the scope and 
nature of the process development 
required and to set up the proper 
criteria for success in the goal of 


carbon lift line 


Fiqure 2. Use of solid adsorbents in 
a process is often based on past ex- 
periences. 


development. The definition of the 

rocessing job to be done must be 
fully in order that the 
proper efforts are directed toward 
solving problems and meeting plant 
requirements. 

All too commonly commercial 
plants are erected in the field and 
started up on a charge stock differ- 
ing widely from the feedstock that 
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Figure 1. Mining or in situ retorting offer alternates in shale development. 
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was considered during a major por- 
tion of the process development. Cer- 
tainly when a plant is able to handle 
such variations in the field modifi- 
cations, it is a credit to the stability 
and versatility of the process. On the 
other hand, this often leads to de- 
graded ormance and loss of prof- 
its, which can be avoided if full analy- 
sis and recognition of the conditions 
under which the plant must ultimately 
operate is made. A full appreciation 
is required as to the future trends in 
product quality. Frequently plants 
are constructed to te ise a product 
which is experiencing a 
upgrading in quality and specifica- 
tions. Protection must be made in 
light of market analysis so that the 
new process when completed and in 
commercial operation, possibly sev- 
eral years in the future, will be able 
to meet quality requirements at that 
time and continue to meet such re- 
quirements during the expected eco- 
nomic life of the plant. 

Local operating conditions at the 
plant can distinctly affect the proc- 
ess development approach for ~ 
mum design. In certain areas skilled 
labor may be a distinct problem to 
obtain. Procurement of spare parts 
for maintenance of scientific equip- 
ment may be out of the question in 
remote areas. On the other hand, and 
even more probable, management 
may desire a fully automat lant 
to minimize labor force, as well as 
substantial investments in mainte- 
nance facilities to minimize turn- 
around expense. 

The construction of a final com- 
mercial plant will involve substan- 
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tial scale-up from pilot plant activ- 
ities. Problems in scale-up though 
actually internal to the processing 
plant life may cause some reper- 
cussions of a completely external fac- 
tor if not adequately anticipated. In 
Figure 3 there is an illustration of 
catalyst effectiveness developed in 
the course of a study of several cat- 
alytic processes showing the major 
effect of catalyst reactor shape when 
processing certain hydrocarbon stocks. 
Scale-up from pilot plant to commer- 
cial plant dimensions necessitates 
changes in reactor dimensions, and 
any changes in reactor efficiency must 
be anticipated. That this effect ex- 
ists is illustrated in Figure 4 where 
the comparison in size and shape be- 
tween a possible commercial reactor 
and a pilot plant reactor is shown. 

Unexpected corrosion and erosion 
effects can strike almost with a dis- 
concerting force in commercial plants 
where new areas of pressure, temper- 
ature, and concentration of corrosive 
materials are being processed in com- 
mercial equipment for the first time 
(2). The same is true of erosion fac- 
tors where new materials may be 
moved in larger quantities than have 
been studied previously (3). 


Maximization of performance 
Maximization of the performance 
of process and equipment is the hard 
core of the problem of process devel- 
ent to which the bulk of the time 
and effort will be devoted. Although 
processes generally combine a con- 
siderable amount of routine design in 
the established areas, the critical and 
novel components generally require 
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Figure 3. Bed efficiency of catalytic reactors for cracking, 
reforming, and desulfurization processes. 
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Figure 4. Scale-up of reactor from pilot plant. 


decisions in areas where little know!l- 
edge exists. In this key develop- 
ment area, data are generally quite 
limited. The procurement of special- 
ized data to make decisions regard- 
ing process variables and equipment 
design is limited by cost and time, 
as well as personnel to develop this 
information. It is rare when a con- 
ceptual model can be created for the 
application of mathematical and 
scientific processes in arriving at pro- 
cedures to guide development in max- 
imization of the process. Suboptimi- 
zation, poeta with the compo- 
nents of the process system, appears 
to offer the greatest potential for the 
scientific method. Hopefully, if a se- 
ries of well-executed suboptimizations 
in the course of a process develop- 
ment are integrated, they will approx- 
imate optimization for the process 
involved (4). 

Maximization of a new process 
generally is facilitated by considering 
the basic concepts of unit operations 
and dividing the over-all processing 
scheme to make maximum use of the 
prior scientific and engineering knowl- 
edge and principles available. Where 
a phase of the process has unique 
problems in scale-up or in process 
variables, timization should be 
studied as fully as possible independ- 
ent of the other operations to facili. 
tate understanding of the unique 
characteristics. 


Large-scale developments require 
major finances and major installation 
of facilities. The objectives of such 
development should justify such ex- 
penditures, and management should 
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Notation 

Cc = constant 

€,, Cc = volumetric concentration 

H =column holdup, lb. moles 
of liquid 

h = column holdup, Ib, moles 
of vapor 

K = constant 

k = mass-transfer coefficient 

L = rate of reflux flow in col- 
lumn, Ib. moles/hr. 

l = length of lift line 

n = theoretical trays 

Pp; =roots of Eq. lla from Ref. 
16 

t = time, hr. 

V = rate of boil-up in column, 
Ib. moles/hr. 

vt, =gas velocity, ft./sec. 

v, =solids terminal settling ve- 


locity 


W =solids loading, lb./sec./sq. 
ft. 

X,Xe,X- 

= ratio of mole fraction of 

lower boiling component 
to mole fraction of higher 
boiling component in liq- 
uid; subscript w referring 
to bottoms, subscript o re- 
ferring to composition of 
reflux 

Y,Y. =ratio of mole fraction of 
lower boiling component 
to mole fraction of higher 
boiling component in va- 
por; subscript o referring 
to reflux 

Z = total length of column 

z = distance along column 
measured from condenser 

a = relative volatility 


fully realize its responsibility in this 
regard. 

The statistical design of experi- 
ments is rapidly growing in impor- 
tance as a means of accelerating the 
acquisition of data in chemical reac- 
tion systems and has rapidly pro- 
gressed since the classical work of 
R. A, Fisher (5). Recently, G. E. P. 
Box (6,7,8) has carried the appli- 
cation of statistics for chemical ex- 
perimentation to a high level. Gen- 
erally, modern statistical approach to 
experimental design recommends: 

1. Construction of a model mak- 
ing use of mechanisms or relation- 
ships allowing for random phenom- 
ena. 


2. A program for data collection 
aimed at maximizing definition of the 
model. 

3. Analysis of the data for modi- 
fication of the model, if necessary. 

This approach is illustrated in 
the introductory photograph. The gen- 
eral technique of experimental sched- 
uling is known as the iterative process 
and is not new to research work (9). 
With the recent incorporation of this 
concept in statistical andling, pow- 
erful tools previously unavailable are 
now available to the experimenter 
(10,11). 

Development of the conceptual 
model, as well as the mathematical 
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model, of key portions of the process 
and equipment should be the con- 
stant objective of process develop- 
ment in order to guide the experi- 
mental design, scientific development, 
and definition of the component. Use 
of reaction kinetics where the funda- 
mental mechanisms are postulated and 
evaluated from apparent relationships 
of process variables can be of real 
value (12,13). If concrete models 
can be established early in develop- 
ment, spectacular economies and 
progress can be effected in defining 
optimum conditions. 


Mathematical model 

Consider the case of a catalytic 
treatment of petroleum naphtha 
where an extensive experimental pro- 
gram together with iteration and de- 
velopment of a mathematical model 
led to the general definition of reac- 
tion rate for this complex mixture. 
There were three important reactions 
which occurred in this case. The 
iteration process was carried out for 
each of the three reactions as follows: 


1. Development of a semi-theo- 
retical model for hydrogenation of 
olefins in naphtha after consideration 
of six conceptual models. 


2. Development of a semi-theo- 
retical model for dehydrogenation of 
naphthenes after consideration of 
twelve conceptual models. 


3. Development of a model for 
desulfurization of petroleum naphthas 
of certain specified origin after con- 
sideration different concep- 
tual models. 


T T 
recycle hydrogen} 


liquid hourly space velocity 


catalyst bed depth 


Figure 5. Temperature profile prediction. 


operating pressure 


Figure 6. Mathematical model used to predict curves for 
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Figure 7. Overlap coefficient obtained from solvent extrac- 


tion data in refining of lubricating oil. 


The combined mathematical model 
was able to relate a wide range of 
data. As an example, Figure 5 gives 
a set of temperature profiles where 
stock was treated catalytically at a 
variety of temperature levels. In ad- 
dition to correlating the results of 
product — , the mathematical 
model predicted theoretically the pat- 
tern of temperature profiles illustrated 
by the dotted lines in the chart. The 
complexity of the reactions occurring 
in this pattern is such that success of 
iteration techniques and mathemati- 
cal model development is a real credit 
to the mathematical power of these 
tools. This same mathematical model 
was able to predict a family of rela- 
tionships for conversion of naphthene 
to aromatics, Figure 6, which would 
require extensive experimental runs 
to develop by purely empirical means. 

Sometimes correlations dev 
in one field are directly related to op- 
timum use in another related field. 
For example, in Figures 7 and 8 are 
given correlations of the overlap co- 
efficient developed by Meyers (14) 
as applied to solvent extraction data 
obtained in refining of a lubricating 
oil (15). By the use of these corre- 
lations it is possible to optimize ap- 
parent number of stages and solvent 
requirements for a given lubricating 
oil refining unit as a guide to experi- 
mental design and to evaluate over- 
all economic optimization as well. 


Dynamic considerations 

The dynamic considerations in 
process operations are becoming more 
and more recognized as areas for de- 
velopment in process systems. In ad- 
dition to conventional instrumenta- 
tion to maintain set pressures and 
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temperatures, certain processes may 
well benefit by computer-type control 
of the more difficult operations. Pos- 
sibly continuous control optimization 
by actual computer analysis of plant 
variations may be justified where such 
variations have a direct economic re- 
lationship to the profitability of the 
plant. —e automation of a 
plant may absolutely necessary 
where rapid and complicated 

of p ures must be taken at key 
moments. Complete automation may 
be justified also on the basis of labor 
saving. Rate of approach to equilib- 
rium may be of prime importance 
where large inventories are main- 
tained in processing equipment in re- 
lationship to run lengths. 

Faced with the problem of optimiz- 
ing batch distillation column design, 
the experimenters in this case set up 
the mathematical model describing 
the distillation unit by the following 
two equations (16): 


Ha(X) _ _ a(X) 


Solution of this equation led to an 
answer in the following form: 


Y, x,” a(l 2/Z) 


(pt S)pg(p,2) 


40 30 20 
percent raffinate yield 


10 


Figure 8. Data in solvent refining of lubricating oil. 


This simplified to the following: 


(a — 1) (a ln a)? 


A good fit was obtained with ac- 
tual experimental data as shown in 
Figure 9. The mathematical model 
was further developed into a form ex- 

ing total time for the plant dis- 
fillation cycle and was 
against investment and operating costs 
in the final analysis. 


Equipment maximization 
Equipment maximization is a key 
consideration in utilizing the fullest 
understanding of the process to be 
constructed, as well as specific design 
problems relating to the nature of 
mechanical operations involved. In 
Figure 10 is given the correlation re- 
lating to the design of a granular sol- 
ids lift line. In this particular unit 
it will be noticed that the pressure 
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Figure 9. Predicting rate of approach to equilibrium in fractionation. 


drop across the lift line increases as 
the gas velocity is decreased. Con- 
versely, the pressure drop due to 
loss in the gas varies directly as the 
square of the gas velocity. The two 
factors combine to give an optimum 
and minimum total system pressure 
drop at an intermediate value in gas 
velocity. 

The in Fig- 
ure 10 is a graphical representation 
of the following mathematical equa- 
tion: 

WL 


= 


This simple model explains phenom- 
ena which would be quite confusing 
to experimenters attempting to de- 
velop the design on a purely em- 
pirical basis. If, for example, a cen- 
trifugal blower is used to supply gas 
circulation with typical automatic 
control of flow rate, the lift line will 
always stall at the point of reflec- 
tion of the total pressure drop curve 
against flow rate because of the in- 
ability of the control system to cope 
with a rising characteristic of pres- 
sure drop with decreased flow rate. 

Equipment maximization when 


y associated with process per- 


drop 
| 
| 
4 


lift line and pick 
up pressure drop 


total pressure drop 


Vg gas velocity 


Figure 10. Correlation of pressure drop in dilute phase solids lift line. 
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formance, such as in contacting ves- 
sel design, process systems utilizi 
moving Beds. (17), and high 
ance separation systems, frequently 
brings into play the need for the most 
advanced types of mathematical and 
technical analysis, together with ac- 
tual mockup construction and opera- 
tion for optimization in design. 


Conclusion 

Process development is fraught with 
problems in the application of scien- 
tific methods of design due to the 
natural penchant of individuals to 
make arbitrary decisions, as well as 
the economic pressure to make such 
decisions if the cost and time required 
for data procurement can be avoided. 
Decisions involving company posi- 
tion and the cool aspects of opti- 
mization should be as analytical as in 
the technical areas where conceptual 
models and mathematical techniques 
are used to the fullest advantage. 
The increased understanding of scien- 
tific methods of design, as well as the 
growing availability of both analog 
and digital computers, is contributing 
markedly to the utilization of these 
newer techniques in — develop- 
ment, Properly employed they can 
greatly facilitate the optimization of 
process and process components and 
avoid the costly expenditures which 
may be occasioned by unwise pro- 
grams of development. * 
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Correlations of liquid phase and gas phase mass transfer rates in packed 
columns were presented in the July issue of CEP (3). The correlations 
were based on Ss data reported in the literature prior to 1957 
and considered both absorption-stripping and distillation operations. 
In this second part of the series, new commercial-scale experimental 
mass transfer data are presented and compared with data predicted by 
means of the correlations from Part I. Comparisons are made between 
these correlations and others presently available for design purposes. 
Finally, procedures and sample calculations are presented as aids for 
the general problem of predicting required packing heights for given 
separations. 


Commercial scale data 


The experimental equipment used 
to test the commercial applicability 
of these correlations consisted of a 
reboiler, column, and condenser to- 
sigord with usual auxiliary facilities 
or studying continuous distillation in 
a packed column, Column diameters 
were 8, 16, 20, and 24 in. Packed 
heights ranged from 5 to 24 ft. In 
some cases intermediate vapor-liquid 
redistributors were used. A general 
view of the equipment is shown in 


Figure 1. 


Several methods were used for 
directing reflux to the packing. Most 
of the experiments in the larger col- 
umns employed a multiport distri- 
butor, Figure 2, consisting of a num- 
ber of vapor and liquid openings 
mounted in a metal plate and which 
distributes the reflux uniformly across 
the tower cross-section. Other ex- 
periments, particularly those in the 
small columns, employed a simple 
overflow-type unit providing a more 
localized initial contact of liquid and 
packing. This type of distributor, 
Figure 3, has been designated as the 
“crown” type, and consists of a cup 
with serrations spaced equally around 
the top edge, and a similarly serrated 
skirt on the bottom of the cup; the 
diameter of the distributor is one-half 
the diameter of the column. 


The experimental procedure in- 
volved first charging the still pot 
(reboiler) with an appropriate quan- 
tity of binary test solution, of such 
composition that operation in the 
“pinch” zones of the vapor-lic uid 
ss curve could be avoided. 

e charge was then heated to boil- 
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ing with the column operating at 
total reflux. In the case of those pack- 
ings requiring preflooding (Mc- 
Mahon), the column was operated 
under flooding conditions for a few 
minutes before adjusting the boilup 
rate, A run was continued at constant 
boilup rate and reflux ratio until ana- 
lyses showed constant reflux and run- 
back composition for at least one hour. 

The principal system studied was 
benzene-ethylene dichloride at atmos- 
pheric pressure. Some runs were also 
made with the ethanol-water system 
at atmospheric pressure, Experimental 
physical property data were available 
trom the literature, except for liquid 
and vapor diffusion coefficients, which 
were calculated (5, 9). Vapor-liquid 
equilibria for benzene-ethylene dichlo- 
ride were based on the work of Bra 
and Richards (1) and a relative i 
tility of 1.110 was used. For the 
ethanol-water system, vapor-liquid 
equilibria were readily available (8). 
Reference is made to the work of 
Delzenne (4) on the benzene-methyl- 
cyclohexane and toluene-methylcyclo- 
hexane systems, This work included 
experimentation in a 17.7-in. diam. 
by 6.6-ft. high column packed with 
0.6 and 1.0-in. Raschi rings. Other 
work by Delzenne, rae, less com- 
mon packing types and smaller col- 
umns, is not of interest here. 


Data handling 


Transfer units for the measured 
separations were calculated from the 
Chilton-Colburn equation (2): 

Xy (1—X,) 


= —— In ————— 


Noe = 


Heights of overall gas phase trans- 
fer units were then calculated from 
the relationship 


Nog 


Hoe = (2) 


T 
Predicted values of Hog were calcu- 
lated by means of the equation: 
G 


vapor chimney 


liquid orifice 


(enlarged view) 


Figure 2. Multiport type reflux distributor. 


where H, and H, were obtained 
from the correlations of Part I, and m 
from the relationship 


a 


m= - (4) 
[1 + (@ — 1)X}? 


In the case of the Delzenne data, 
mass transfer efficiency was reported 
in terms of Height Equivalent to a 
Theoretical Plate (HETP). At total 
reflux and for the sons dod studied, 
HETP values are approximately the 
same as Hog values. 
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Results 

Results of representative experi- 
mental runs are presented in Figures 
4-9. In each figure the curve drawn 
was calculated on the basis of cor- 
relations given in Part I. All data 
were obtained at atmospheric pres- 
sure and total reflux. 

In Figure 4 experimental and cal- 
culated values of Hog are —~ 
for the benzene-ethylene dichloride 
system and %-in. Berl saddles. A 
crown type liquid distributor was used 
and there was no vapor-liquid re- 
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distribution at intermediate points in 
the packing, For these conditions, the 
calculated values of Hog are conser- 
vative. 

Data for small McMahon packin 
are shown in Figure 5 and wangened 
with data for Berl saddles, For both 

cking types a crown type liquid 

istribution method was used. It 
would appear that correlation para- 
meters for Berl saddles apply to the 
same nominal size of McMahon pack- 
ing. 
Data for 1-in. Berl saddles and the 
benzene-ethylene dichloride system 
are presented in Figure 6. It should 
be noted that the column diameter is 
24 in, As in Figure 4, tke height cor- 
rection somewhat conser- 
vative although a multipoint liquid 
distributor was used. The predicted 
curve agrees fairly well with the data 
for a crown type liquid distributor at 
the top, however. 

Data for Intalox saddles are shown 
in Figure 7, with the calculated curve 
based on the equivalent Berl saddle 
correction parameters. Agreement be- 
tween predicted and measured Ho, 
values is quite good at the — 

throughputs. Intermediate distributors 

overflow were ar at 6-ft. intervals. 
ie , Two sets of data for the ethanol- 
. water system are presented in Figure 
8. For the larger column a modified 
multiport distributor was used at the 
ea / top, and no intermediate redistribu- 
tion was provided, For the smaller 


“drip points 
Figure 3. Crown type reflux distributor. 
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column, a crown type liquid distribu- 
tor was used, and good contacting 
was not attained at gas mass veloci- 
ties below 1000 Ib./(hr.) (sq. ft.). 

In Figure 9 data are presented for 
the benzene-ethylene dichloride system 
and %-1 in. Raschig rings. A single-port 
liquid distributor was used, and redis- 
tributors (with single ports for liquid) 
were located at 7-ft. intervals. At low 
loadings the relatively poor liquid dis- 
tribution is apparent. At high loadings 
liquid distribution is good, and pre- 
dicted Hog values agree with those 
measured. 

Data of Delzenne (4) are presented 
in Figures 10 and 11 for 0.6- and 
1.0-in. Raschig rings. It should be 
noted that the systems were toluene- 
methylcyclohexane and benzene- 
methylcyclohexane, A multiport dis- 
tributor was used. The experimental 
data were reported in HETP values, 
and insufficient information was given 
to enable conversion to transfer units. 
However, for the total reflux condi- 
tions HETP and Ho, should be near- 
ly the same numerically. Again, it is 
seen that agreement between pre- 
dicted and measured mass _ transfer 
rates is quite good, especially at high- 
er loadings. 


More work desirable 


It has been shown that the empiri- 
cal correlations of mass transfer in 
packed columns presented in Part I 
apply remarkably well for the test 
conditions used. The basic literature 
data, described in Part I, plus the 
data reported here, actually embrace 
a broad range of distillation and ab- 
sorption conditions, Further valida- 
tion of the correlations is desirable, 
particularly for distillations at reduced 
pressure. For the test conditions re- 
ported, the correlations of these ar- 
ticles are superior to the previously- 
reported correlations of Murch (7) and 
Granville (6). Values of HETP com- 
puted by the Murch method gave 
average and maximum deviations of 
300 and 400%, r ively, for %-in. 
Berl saddles. For 1l-in. Berl saddles 
the corresponding deviations were 
150 and 220%. HETP values com- 
puted by the method of Granville 
applied only to the “loading” condi- 
tion and were in error by over 100% 
for the l-in. packing sizes. The 
Murch and Granville correlations, as 
well as many others previously re- 
ported in the literature, suffer in that 
they do not separate liquid aad vapor 
phase resistances. 

For the rather diverse literature on 
mass transfer in packed columns that 


has been brought together and sum- 
marized here a correlation of the 
mass transfer data applicable to com- 
mercial-scale columns has been de- 
veloped. This correlation is a semi- 
empirical combination of physical 
property and fluid mechanical vari- 
ables; as in the case of mass transfer 
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on bubble trays, this type of correla- 
tion has most chance of success in 
design work. 


Design procedure 


A stepwise 
correlations 


ure using these 
or calculating the 
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Figure 5. Hoc values for 1/-in. packing. 
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Figure 6. Hoo values for 1-in. Berl saddles. 
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Figure 7. Hoc values for 1-in. Intalox saddles. 
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required packing height for a given 

separation is as follows: 

1. Establish tower diameter for the 
given vapor and siquid flows, pack- 
ing size and type, and desired 
approach to flooding, 


. List the design variables: 
a. Percent flood 
. Liquid mass velocity, L 
. Liquid Schmidt 
number, Se; 
. Gas Schmidt number, Sc, 
. Liquid viscosity, ju; 
Liquid density, p;, 
. Surface tension, o 
. Column diameter, D 
i. Height between redis- 
tributors, Z 
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Figure 8. Hoc values for 14-in. Intalox saddles. 
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Figure 9. Hog values for 34-in. Raschig rings. 


j. Slope of equilibrium 
curve, m 
k. Molar ratio of gas to 
liquid, Gy/Ly 
3. Calculate height of a liquid trans- 
fer unit, H,: 
= @. (C) (Z/10)°* 
where @ is obtained from Figures 4 
or 5, Part I 
C is obtained from Figure 2, 
Part I 


4. Calculate height of a gas transfer 
unit, H a: 


Scq'/? D 1.247 
(Lfifofs)™ \12 10 


where y is obtained from Figures 9 
or 10 Part I 
n = 0.6 for Raschig rings, 0.5 
for Berl saddles 
= 
f. = (1/pr)**, 
fs = (72.8/0)°* 


5. Calculate height of an over-all 
transfer unit, Hog: 
Hog = He + m* Gy/Ly * Hy, 


Sample calculation 
The value of Hog for the upper 


part of a benzene-toluene fractionator 
is to be calculated. On the basis of 
required throughput, the column I.D. 
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Figure 11. Hoo values for 1-in. Raschig rings. 


has been determined as 30 in.; pack- 
ing is l-in. Raschig rings; approach to 
flooding is 55%; packed hei ht between 
redistributors is to be 10 ft. 

The design variables are: 


a. 55% flood 
b L = 815 Ib/(hr.) (sq. ft.) 
c. Se, = 105 
d. Scg =081 
e. pp = 0.32 centipoise 
f. pp = 0.694 g./cu. cm. 
o0 = 21 dyne/cm. 
D in. 
i Z =10 ft. 
j. m = 0.40 
k Gy/Ly= 1.20 


From Figure 4 of Part I, ¢ = 0.046 
for L = 815 and 1-in. Raschig rings. 
From Figure 2 of Part I, C = 0.98 
for 55% flooding, Thus, 


H, = (0.046) (105°) (0.93) 
(10/10)°25 = 0.44 ft. 


Factors f,, f,, and f, are calculated: 


f, = (1/0.694)**5 = 1.574 
f, = (72.8/21)°* == 2.70 


Then, (L 
L(815) (0.833) (1.574) (2.70) 


From Figure 5 of Part I, y = 110 for 
55% flood and 1-in. Raschig rings. 
Then, 


(110) (0.81°-*) 30x 1-24 710. 1/3 
119 12 10 


= 2.60 ft. 
Finally, 
Hog = 2.60 +- 0.40 (1.20) (0.44) 
= 2.81 ft. 
NOTATION 
Cc = correction factor for H,; 
at high gas rates 
D =column diam., in. 
fi =ratio of liquid viscosity 


at column conditions to 
viscosity of water at 
20°C 

fe =ratio of density of water 
at 20°C to that of liquid 
at column conditions 
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fs =ratio of surface tension 
of water at 20°C to that 
of liquid at column con- 


ditions 
G =gas mass velocity, lb./ 
(hr.) (sq. ft.) 
Gy/Ly=molar ratio of gas to 
liquid 


Hae =height of a_ gas-film 
transfer unit, ft. 
H, -=height of a liquid-film 


transfer unit, ft. 


Hog =height of an over-all gas- 
film transfer unit, ft. 

L =liquid mass velocity, Ib./ 
(hr.) (sq. ft.) 

m =slope of vapor-liquid 
equilibrium curve 

Nog =number of over-all gas 
film transfer units 

Scg | =Schmidt number for gas 


phase, dimensionless 
Sc, =Schmidt number for 
liquid, dimensionless 


xX = average liquid mole frac- 
tion 

= mole fraction at bottom 
of column 

X,;  =mole fraction at top of 
column 

Z =packed height between 
redistributors, ft. 

Zr =total packed height, ft. 

a =relative volatility 

=liquid viscosity, centi- 

ise 

PL =liquid density, g/cu. cm. 

o =surface tension, dyne/ 
cm. 

= ordinate value in Figures 
4 or 5, Part I 

= ordinate value from Fig- 


ures 9 or 10, Part I 
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Electrolytic 
zinc pilot plant 


This detailed description of an electrolytic 
zinc pilot plant fills the gap between fund- 
amental electrolytic zinc process chemistry 
and commercial know-how. 


F ROM TIME TO TIME THE Research 
Department of Josephtown Smelter® 
has been called upon to do research 
for other divisions of the company. 
A most challenging recent assignment 
was to devise and develop a chemical 
method for winning lens from a 
complex, refractory pyritic ore consist- 
ing of upwards of 65% pyrite. Gangue, 
composed principally of quartz, cal- 
cite, dolomite, and alumnia, com- 


prised only 10-20% of the mineralized 


* Zinc Smelting Division, St. Joseph 
Lead Co., Monaco, Pa. 


Figure 1. Filtering section for removal of purification residues. 


54 August 1960 


zones in the ore bodies. Zinc, lead, 
and cop values were variable, but 
—e about 6.7% Zn, 2.6% Pb, and 
0.4% Cu. 

Investigation of several potential 
methods for the recovery of metal and 
sulfur values indicat that sulfate 
roasting and leaching followed by 
deals of leach solutions showed 
promise. Bench and pilot-scale test 
work helped to establish procedures 
whereby over 90% of the zinc and 
copper in the ore could be solubilized 
by sulfate roasting and leaching. With 
a process for preparing f stock 


worked out, the next step was to de- 
vise a scheme for purifying leach so- 
lutions to a degree that would permit 
zine electrolysis. 
Solution purification 

The crux of successful electrolytic 
zinc production is solution purif - 
tion, As recently discussed by Guy T. 
Wever (1), numerous impurities such 
as copper, iron, arsenic, antimony, 
cadmium, cobalt, germanium, sele- 
nium, tellurium, chlorine, and fluorine 
are either deleterious to successful zinc 
deposition or have a debasing effect 
which makes their removal mandat 
prior to electrolysis. Analysis of tech 
solutions showed an unusual purifi- 
cation problem. The concentration of 
cobalt, arsenic, and iron was many 
times greater than that usually en- 
countered in electrolytic zinc practice. 
Solubilization of some of the ore con- 
stituents is presented in Table 1. 


Table 1. 

Ore Composition, % Solubilization, % 
Zn 6.7 93 
Ph 2.6 ee 
Cu 0.4 94 
Fe 32. 2.4 
S 38. ee 
Co 0.03 74 
Cd 0.022 88 
Mn 0.18 68 
Mg 1.47 95 
As 0.2 10 


Leach solution composition (with spent 
electrolyte recycle) : 
Zn—120 g./l., Cu—3.6 g./lL., 
Fe—7.4 g./l., Co—214 mg./L., 
Cd—185 mg./1., As—200 mg./I. 

Extensive nch-scale work in 
collaboration with Battelle Memorial 
Institute helped define the purification 
schedule: copper cementation; oxida- 
tion and precipitation of iron; cad- 
mium removal; cobalt removal; and 
terminal purification treatment with 
zine dust to remove the final traces of 
active impurities. 

“eva removal. Removal of cop- 
“wabie not present a special problem 

use cementation procedures, em- 
ploying scrap iron or zinc dust, 
removed most of the copper as a 
market-grade product. This treatment 
also removed a significant amount of 
the arsenic as an insoluble copper 
arsenide compound. 

Iron and arsenic removal. Removal 
of iron presented a complex problem. 
Because of the significant concentra- 
tion of ferrous iron in solution, usual 
chemical oxidants such as MnO, or 
KMnO, were undesirable since the 
quantity of manganese which would 
be introduced into solutions would 
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exceed the tolerable level for good 
electrolytic zine practice. Further- 
more, oxidizing agents containing 
chlorine were impractical because the 
resulting chlorine concentration could 
not be tolerated. 

For oxidizing iron a method was 
developed using air at near-atmos- 
pheric pressure. Of primary impor- 
tance in achieving rapid oxidation is 
the introduction of air into the solu- 
tion as fine bubbles. This can be ac- 
complished by the use of porous grids 
or by mechanical agitators. Rate of 
oxidation is markedly sensitive to the 
pH of the solution. At a pH of 4.8 
and above, oxidation is rapid and the 
iron precipitates as granular solids 
which have good filtering properties. 
Temperature above 70°C is necessary 
for rapid oxidation. Copper at 0.1 
gm./l. or higher concentration appears 
to catalyze the reaction. 

Oxidation and precipitation of iron 
was successful in clearing solutions of 
arsenic. The principal requirement for 
effective arsenic is that the 
minimum iron concentration be of the 
order of ten times that of arsenic in 


Figure 2. Zinc dust purification section. 


starting solutions. The iron oxidation 
procedure was effective in reducing 
concentration of iron to less than 10 
mg./l. and of arsenic to less than 
0.1 mg./l. 


Cadmium removal. Removal of cad- 
mium was accomplished by displace- 
ment reaction with zine dust. Leach 
solutions contained 125-200 mg. Cd/1., 
which is a lower concentration than 
is usually encountered in electrolytic 
zine practice. 

Cobalt removal. The concentration 
of cobalt in leach solutions was of the 
order of 10-100 times that encounter- 
ed in usual electrolytic zinc practice. 
Usual procedures for removing cobalt, 
including potassium antimony tartrate 
and copper sulfate-arsenious oxide- 
zine dust treatment, were not suffici- 
ently robust. However, alpha-nitroso- 
beta-naphthol was an effective 
precipitating agent for the cobalt. 

To make the precipitant 8-naphthol 
is dissolved in a solution of NaOH 
prior to its addition to the zinc elec- 
trolyte. NaNO, is then added and 
the electrolyte acidified to pH 3.0 
with H,SO,. The NaNO, and 8-naph- 
thol react to form alpha-nitroso-beta- 
naphthol which, in turn, reacts with 
and precipitates the cobalt as cobalti- 
nitroso-beta-naphthol. 


Electrolysis. Solutions purified ac- 
cording to the described schedule 
were satisfactorily electrolyzed in a 
1400 ml. cell. Zine of 99.9°% purity 
was produced. Current efficiency in 
excess of 90% could be achieved as 
long as the acid-zinc concentration in 
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Figure 3. Stripping cathode zinc in cell room. 


the electrolyte did not exceed a ratio 
of 3.5. 


Pilot plant design 

Bench-scale purification and elec- 
trolysis were promising enough to 
warrant study of an integrated proc- 
ess on pilot-plant scale. One ihe 
tive of the pilot-plant study was to 
determine the extent of cyclic build- 
up of impurities in pregnant solutions 
when spent electrolyte from the zinc 
deposition cells was placed in closed 
circuit with the sulfating roaster. Pilot- 
co design was based upon the 
ollowing: 

1. Cathode zinc production of 0.7 

ton/day 
2. Pregnant leach solutions of 125 
g./l. Zn; spent electrolyte of 40 
g./l. Zn 

3. Pregnant solution flow rate of 
1.5 gal./min. 

4. Electrolysis current density of 
33 amp./sq-ft. 

Building. All of the purification- 
electrolytic circuit, except the copper 
launder, was housed in a 64 x 50-ft. 
galvanized steel, prefabricated build- 
ing. The er floor, which was 
made of standard asphalt road ma- 
terial, had a modest grade, sloping 
to a common sump. This permitt 
recapturing spilled solutions, which 
assisted in making material balances. 

Arsine. The high arsenic content 
of leach solutions presented a poten- 
tially serious arsine hazard. Arsine is 
an extremely toxic and insidious gas. 
To minimize the danger of arsine 
poisoning, the copper cementation 
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launder was positively vented and 
was placed out of doors some 30 ft. 
from the pilot plant building. In addi- 
tion, all purification tanks involving 
zinc dust addition were closed and 
remotely vented to atmosphere by a 
positive displacement fan. An auto- 
matic arsine detector was constructed 
and installed to monitor air continu- 
ously from various locations in the 
circuit. 

As an added precaution, a sys- 
tematic check of urine analyses was 
inaugurated when the circuit was 
brought on stream. Although careful 
sampling failed to disclose presence of 
arsine, from time-to-time several of 
the operators showed considerably 
higher-than-average urinary arsenic. 
On two occasions, the situation was 


judged sufficiently critical that the 
pilot plant was shut down. When de- 
tailed examination of air analysis 
procedures and sampling locations by 
the Industrial Hygiene Foundation of 
America, Inc., showed that pilot 
plant pps was not a significant 
source of arsenic, diets of the individ- 
ual operators were investigated. A 
large amount of information, involving 
approximately 1000 urine determina- 
tions, was developed which showed 
that high urinary arsenics resulted 
from eating particular types of sea 
foods and fresh water fish. These find- 
ings have been reported (2). 
Operating organization. The opera- 
tion was run by four men per shift, 
including the shift supervisor. Super- 
visors were selected from second- and 


third-class operators in the Joseph- 
town organization; remainder of the 
operating personnel were drawn from 
the laber pool. Training of the opera- 
tors was done by members of the 
research staff working with the ra- 
ting groups on a shift basis , a 
period of about ten weeks. 

Purification control. A section of 
the pilot plant was equipped with 
laboratory Facilities for making control 
analyses. Approximately fifty assays 
per eight-hour shift were made by the 
operators. The determinations includ- 
ed those for acid, iron, arsenic, cop- 
per, cobalt, and cadmium. 


Investigation of cell performance 
The pilot plant was operated on a 
three-shift, seven-day-week basis for 


Flow Sheet 


Copper cementation. Zinc-rich 

liquor from the leaching section 
pumped to the copper launder, a 
17 x 11% x 3-ft. rectangular wooden 
tank with capacity for about 7000 
Ib. of sheet iron trimmings; solution 
made to follow a tortuous path by 
inserting wooden partitions to form 
a labyrinth; temperature regulated 
to approximately 40°C using copper 


steam coils. 
2 Iron oxidation. Copper-free solu- 
tion pumped continuously to an 
agitated 3 x 3-ft. neutralization tank; 
pulverized limestone, fed from a 
cone-type reagent feeder, neutralizes 
any free acid in the solution in 
sufficient excess to meet require- 
ments in the iron oxidation process; 
the slurry of liquor and limestone 
pumped to the first of a series of 
three oxidation units (each of the 
oxidation units a 3 x 10-ft. wooden 
tank); a plenum chamber covered 
with polyethylene cloth in the bot- 
tom of each tank disperses low-pres- 
sure air into the slurry as fine bub- 
bles; temperature maintained with 


tron oudation tanks 


vacuum titer 


7 


pan 
to storage 


low pressure aw 


copper steam coils; reacted slurry 
overflows the top of each unit by 
gravity into the next unit; overflow 
from the final oxidation unit drops 
into a pump tank; slurry filtered 
batchwise on two horizontal pan 
filters. 


Cadmium cementation. The cad- 

mium cementation equipment 
includes two mechanically agitated 
3 x 3-ft. wooden tanks arranged in 
series flow. Lead coils inside the 
tanks permit steam heating of the 
solution to operating temperature of 


approximately 60°C. Vibratory feed- 
ers, 


for zine dust addition, are 
mounted above each tank; solution 
pumped continuously into the first 
tank and overflowed by gravity to 
the second tank; zine dust fed con- 
tinuously to both tanks; slurry dis- 
charging the second tank filtered 
for removal of cadmium sponge in 
a 12-in. plate and frame filter press. 


Cobalt removal. Removal of co- 
balt from the zinc-rich liquor is 
carried out in three mechanically 
agitated 4 x 4-ft. wooden batch 
tanks. Temperature is maintained at 
approximately 60°C by lead steam 


coils. Normally, one of the tanks is 
being filled with liquor from cad- 
mium purification while the operator 
adds reagents for precipitation to a 
second tank. Simultaneously, treated 
solution from a third tank is being 
clarified by pumping through a 12- 
in. plate and frame filter press. The 
cobalt-removing reagent is prepared 
by dissolving NaOH, NaNO,, and 
B-naphthol in 60°C water. The 
reagent is transferred manually by 
hard rubber bucket to the cobalt 
treatment tanks where spent electro- 
lyte is added to complete the re- 
action. 


5 Final purification. Solutions are 

given a final oo, treat- 
ment with zinc dust in a circuit 
identical to that used for cadimum 
removal. Purified solution flows to 
a check tank. Following checks for 
various impurities, solution enters 


the cell feed storage tanks. 


Cell room. The cell room con- 
tains three commercial-size elec- 
trolytic cells arranged for series flow 
of both solution and of electric cur- 
rent. The cell tanks are made of 
reinforced concrete, lined with acid- 
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approximately six months. Although 
no lead-depressing reagents were 
used, the bulk of the zinc produced 
during the latter months of operation 
exceeded 99.99% Zn content. Cell feed 
solution had the following composition 


range: 
Zine — 80 to 120 g/l. 
Magnesium — 10 to 26 g./l. 
Iron —1 to 5 mg./. 
Copper — 0.3 to 1 mg./l. 
Manganese — 1 to 2 g./1. 
Cobalt — 0.2 to 0.5 mg./1. 
Cadmium to 5 mg./. 
Arsenic — less than 0.1 mg./1. 


The effects of current density, of 
acid-zine ratio, and of various impur- 
ities upon cell performance were 
evaluated using statistical methods. 
One of the significant findings was 


that magnesium at concentrations 
above 14 g./l. has a deleterious effect 
upon the porosity and associated brit- 
tleness of the cathode zinc. In fact, 
the need to limit magnesium to this 
concentration was one of the principal 
economic factors deterring commercial 
application of this process to the 
particular ore used as feedstock. The 
influence of acid-zinc concentration 
upon current efficiency was evaluated 
over a broad range. It was demon- 
strated that about 70% of the zinc 
could be electrolyzed from solution at 
current efficiency of 90%. Solutions 
could be stripped to a zine content of 
10 g./1. at a current efficiency of 40%. 


Summary 
The wooden tanks used as reaction 


cothede zinc to storage 


resisting asphalt (reinforced with 
glass cloth) and one course of acid- 
proof brick bonded with a resin 
cement. Inside tank dimensions: 
9 ft.-7 in. x 2 ft.-1 in. x 4 ft. 

The 29 cathodes in each cell are 
made of modified 2S aluminum 
sheet, #6 B&S gage. Effective area 
of each cathode is 8.27 sq. ft., or 
240 sq. ft. of cathode area per cell. 
Cathodes spacing on 3-in. centers 
maintained by spacer boards posi- 
tioned in the tank shell; electrical 
contact with the aluminum header 
bars made with spring copper clips. 

Each cell contains 30 anodes of 
3/16-in. lead alloyed with 1% silver; 
anode sheets perforated with 9/16- 
in. square holes on 1-in. centers to 
promote solution circulation. 


A copper oxide rectifier rated at 
8000 amp. at 12 volts D.C. output 
with automatic current control was 
selected for the power supply to the 
cells. 

Cell voltage drop varies from 2.8 
to 4.0 volts per cell, depending on 
acid-zine concentration in the elec- 
trolyte and current density. Cath- 
odes are usually strip on a 24- 
hour cycle. This involves removing 
each cathode from the cell, inserting 
a chisel point beneath one corner of 
the zinc sheet, and manually stri 
ping the zinc from the cathode. 
Cathodes are “conditioned” to pre- 
vent sticking of the zinc sheets by 
soaking in spent electrolyte for a 
few minutes before returning to the 
cells. 
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vessels and for solution storage 
throughout most of the pilot plant 
proved satisfactory, in general. The 
only major leakage problem was as- 
sociated with the copper launder, 
which was a tank. In 
several applications whiskey barrels 
were re to advantage; these proved 
to be ideally suited to a wide variety 
of uses. 

Maintenance was excessive on the 
polyethylene grids used in the iron 
oxidation units, In any future opera- 
tion mechanical agitators would prob- 
ably replace the air grids. 

Several pumping problems were 
encountered. Gypsum build-up in 
hoses and pumps was, for the most 
part, confined to the limestone neutral- 
ization-iron oxidation circuit. Some 
types of centrifugal pumps proved un- 
satisfactory for a slurries at 
a uniform rate. Use of controlled- 
speed, air-actuated diaphragm pumps 
was effective in overcoming most of 
these problems. Centrifugal pumps 
(typically, 316 S.S.) rated 5 Ba min. 
at 10 Ib./sq. in., proved highly satis- 
factory for pumping clarified solutions. 

No particular problems were en- 
countered in operation of the cad- 
mium and cobalt purification sections. 
We are of the opinion, however, that 
improved purification would result if 
solutions were treated batchwise with 
zine dust, rather than in a continuous 
system as employed in the pilot plant. 

Cell room operation was smooth 
with the exception of periods when 
severe sticking of the zinc sheets to 
the cathodes was encountered, Con- 
ditioning of the electrodes by inserting 
them in spent electrolyte was effective 
in improving this condition. 

Working with small quantities of 
solutions and of reagents poses prob- 
lems in effecting close control in a 
continuously operating circuit. The 
approach we used in meeting this 
problem was to maintain frequent 
surveillance of flow rates, reagent ad- 
ditions, temperature, pH, and solution 
purity at each stage in the process. 

Our experience indicates that a 0.7 
ton/day Gectrolytic pilot plant can be 
operated to yield desired information. 
the pilot plant operation was success- 
ful in demonstrating process feasibility 
and in setting forth data which per- 
mitted economic appraisal of the pro- 


posed process. 
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Tubular reactor 
at low flow rates 


Increase efficiency of continuous tubular reactors 
by use of strategically-spaced baffles. 


T ue DESIGN OF CHEMICAL REACTORS 
is a matter of paramount importance 
to many chemical engineers, and 
much has been written about meth- 
ods that may be employed for carry- 
ing out such designs (2, 5, 7, 10, 15). 
With the advent of precision auto- 
mation, the trend in reactor desi 
has been, where possible, toward the 
use of continuous reactors. The de- 
sign of these reactors has been com- 
plicated by the inherent presence 
within them, in most cases, of a 
condition of axial mixing—or “back- 
mixing’—which causes a decrease in 
the distant of the reactors. 

It has been shown (2, 7, 10) that 
a flow reactor is most efficient; that 
is, it permits the greatest degree of 
conversion for a given reactor vol- 
ume, when no backmixing is per- 
mitted to occur within it as the re- 
actant stream passes through. This 
“zero backmixing” condition is ap- 
proximated when the reactants flow 
through a tubular (longitudinal) re- 
actor under conditions of turbulent 
(plug) flow. However, a disadvan- 
tage encountered in the use of tubular 
reactors at high flow rates arises 
from the fact that these high flow 
rates are apt to force the use of 
an extremely long reactor to assure 
that sufficient retention time is pro- 
vided for in the reactor. 

This article presents the results of 
a study of reaction kinetics in a tu- 
bular reactor at low flow rates which 
should be of interest as such rates 
allow a greater reaction time for a 
given reactor, or allow the design of 
a shorter reactor to perform a desired 
conversion. It might be expected, 
however, that these low (essentially 
laminar) rates would lead to con- 


siderable backmixing or its equivalent. 
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To overcome this tendency, baffles 
were placed in the tubular reactor 
to produce turbulence and, hope- 
fully, lessen backmixing. 

In this investigation, a tubular flow 
reactor was rated at low Reynolds 
Numbers to poe the percentage 
conversion of reactants. Next, baffles 
—at various baffle spacings—were in- 
serted in the reactor and their effect 
upon the conversion was observed. 
The system employed in the study 
was the saponification 
reaction of ethyl acetate, in aqueous 
solution, with sodium hydroxide at 
29.8°C, 


Background study 

For the sake of kinetic analysis 
chemical reactors may be classified 
into the following four main cate- 
gories: 

1. Batch 

2. Tubular, or longitudinal, flow 

3. ‘Tank flow 

4. Semi-batch (non-steady state) 
Literature discussing the obtaining of 
kinetic data and their interpretation, 
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Figure 1. Reaction rate constants: 
NaOH + EtOAc — NaOAc + EtOH 
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as applied in the design of these 
reactor types, have appeared recently 


(2, 4, 5, 9, 10). Only a brief review 
will be presented here of the basic 
kinetic equations that have been de- 
veloped for the first three reactor 
types listed. This survey will serve 
as background for the analysis of the 
kinetics of a second-order reaction 
taking place in a tubular reactor at 
ow tow rates. 

Consider a bimolecular reaction of 
the : 

A+B—~C+D (1) 

If this reaction is second-order, the 
rate equation obtained in a batch 
reactor is: 


rate = dx/dt = k,(a — x) (b — x) 
(2) 


where: 

x = amount of product formed at 
time, 

a = initial concentration of react- 


ant A 

b = initial concentration of react- 
ant B 

k, = second-order reaction rate con- 
stant 


When “a” and “b” are equal, that is, 
for equimolar initial concentrations of 
reactants, Equation 2 can be solved 
to yield: 

x 


(a — x) = (3) 
ak,t 
A tubular flow reactor operating at 
high Reynolds Number may be con- 
sidered as a batch reactor through 
which the reactants pass in plug flow; 
that is, with no axial mixing along 
the reactor. Thus the retention time t 
is directly related to the — or 
volume, of tubular reactor through 
which a particular plug of react- 
ants has flowed. For this longitudinal 
flow reactor, operated at high flow 
rates, Equation 3 becomes: 
x 


(4) 


(a —x) = ———— 
ak,V/F 
where: V = reactor volume 
F = volumetric flow rate 
V/F = retention time in the 


reactor, corresponding to t in Equa- 
tion 3. 

Another of flow reactor, dis- 
cussed by Corrigan and Young (2), 
Lessells (7), Sherwood (9), and 
Smith (10) is the “complete backmix” 
reactor (or stirred, tank-flow reactor). 
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REACTOR DESIGN 


Figure 2. Schematic diagram of reactor test apparatus: 1. EtOAc storage tank, 
2. NaOH storage tank, 3. Pump control variac, 4. Transfer pumps, 5. EtOAc 
constant head tank, 6. NaOH constant head tank, 7. EtOAc flowrator, 8. NaOH 
flowrator, 9. 6-ft. tubular reactor, 10. 3-ft. tubular reactor, 11. EtOAc bubble 
trap, 12. NaOH bubble trap, 13. EtOAc overflow cooler, 14. NaOH overflow 
cooler, 15. EtOAc auxiliary tape heater, 16. NaOH auxiliary tape heater. 


In this type, feed is added and prod- 
uct removed continuously at equal 
mass rates. Once flow equilibrium is 
established in the system, the reactor 
operates at steady state and con- 
centrations of materials in the reactor 
are constant. 

Corrigan derives the design equa- 
tion for the equimolar second-order 
reaction in the backmix reactor from 
a mass balance over the reactor. This 
equation, quite different in form from 
Equation 4, is: 

(a —x) = [(F/2Vk,)? + (5) 

2(F/2Vk,)a}*/? — (F/2Vk,) 


For any value of t or V/F, a value of 
x is obtained from Equation 5 that is 
always smaller than that obtained 
from Equation 4, Thus, a backmix re- 
actor operated under the above con- 
ditions produces a lower conversion 
in a given reactor volume or in a 
o- time than does a longitudinal 
reactor. 

When dealing with reaction kinetics 
in laminar flow reactors, as in part of 
this investigation, the method de- 
veloped by Denbigh (3) is useful. 
This development rests upon a statis- 
tical distribution of residence times in 
the reactor from a knowledge of the 
parabolic laminar flow profile. Basic- 
ally, Equation 3 is combined with: 

(6) 


t = 2t, 


to give: 
= 2a(ak,t,) 
(1 + (ak,t,) In (ak,t,)/(1 + 
ak,t,) (7) 


where: = V/F = 
time in reactor 

t, = time of passage down 
center of tube (minimum time) 

x = average concentration of 
products at reactor outlet. 
Equation 7 is a interes solution for 
the kinetics of a homogeneous second- 
order reaction in a tubular reactor 


average retention 
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agen with a parabolic flow pro- 
file and negligible diffusion. 

Actually, molecular diffusion, either 
longitudinal or axial, should be con- 
sidered. Bosworth (1) has studied this 
problem and has shown that in lami- 
nar flow diffusion may be neglected 
if: 

d is greater than 36 \/Dt, and 

l is greater than 10d 
where: 


d = reactor 1.D. 
| = reactor length 
D = diffusivity of reactants. 


These two conditions are satisfied in 
this investigation. 

It was thought that the insertion 
of baffles in the tubular reactor might 
have either of two possible effects: 

1. increase eddy turbulence and, 

thus, backmixing in the reactor 

2. break up the laminar flow pro- 

file and thus increase the plug 
flow character of the flow. 


It developed in this work that the 
latter effect was more important. The 
determination of the actual magnitude 
of the effect of placing baffles in the 
system was a primary objective of 
this investigation. 


The reaction. The saponification 
reaction of ethyl acetate with sodium 
hydroxide in aqueous solution was 
chosen for this investigation for two 
reasons: 

a. reaction rate constants for the re- 
action were well established, and 

b. continuous analytical 
Ban 9 (13) was available for the 
system. This reaction has been 
shown by many (11-14) to be 
bimolecular and second-order ac- 
cording to the following stoichio- 
metric and rate equations: 


NaOH -+- EtOAc ~ NaOAc +- 
EtOH (8) 


(a—x) =— (3) 
ak,t 


The stoichiometric equation, Equa- 
tion 8, indicates an irreversible reac- 
tion. The investigators mentioned 
above have shown that in this reaction 
the equilibrium lies nearly to the point 
of complete reaction. Thus the reverse 
rate term is very small, and the as- 
sumption of essentially complete reac- 
tion, as written, is valid. 


The solution of Equation 3 requires 
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a knowledge of the value of the rate 
constant k, for this reaction, There- 
fore, values of k, were determined in 
a small batch reactor at several tem- 
peratures, and a plot of these values 
is shown in Figure 1. 


The apparatus 

A schematic diagram of the entire 
apparatus is shown in Figure 2. The 
constituent parts of the assembly are 
briefly described below. 


Reactor. The flow reactor was con- 
structed from a 6-ft, length of 1%-in. 
I. D. polyethylene tubing. To prevent 
sagging, this tubing was supported 
along its entire length by Pyrex glass 
tubing, into which the plastic tubing 
was fitted. The tube assembly was 
clamped in place at a 5° angle with 
the horizontal. This slight upward 
slope, from the inlet to the outlet, 
allowed any air in the system to flow 
out of the reactor. 

The 3-ft. long baffle assembly was 
mounted from the center of the 6-ft. 
length to the outlet end, from which 
end the baffles were inserted and re- 
moved. 

Reactants were introduced into the 
reactor through a plastic “tee”, which 
also served as a mixer for the reac- 
tants. Injection of the reactants into 
the reactor tube in this manner caused 
considerable turbulence in the vicinity 
of the reactor inlet. For this reason, 
33%-in, of calming section was pro- 
vided between the reactor inlet and 
the baffles. 

A second reactor, similar to the first 
but only half as long, was also con- 
neaielt and mounted parallel to the 
first reactor and directly below it. This 
smaller reactor was used to determine 
the extent of the reaction in the first 
three feet (calming section) of the 


main reactor. 


Auxiliary equipment. Reactants were 
charged to the system and stored in 
covered 30-qt. plastic tanks, Figure 2. 
From these tanks, reactants were 
— to the constant-head tanks 
ocated above the reactor. 


These tanks, also of polyethylene and 
covered, had a capacity of 10-qt. ea. 
and were fitted with reactant outlets 
at the bottom, and overflow lines near 
the top which led back to the storage 
tanks. Inserted through the covers on 
the constant head tanks, and not 
shown in Figure 2, were the constant 
temperature control devices and the 
agitators. Knife heaters were used for 
heating the solutions in the constant 
head tanks, and temperature control 
was maintained by standard ther- 
mometer-relay systems. Flow control 
was provided by flowrators connected 
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Figure 3. Sketch of baffle assembly. 


through needle valves to the outlets 
of the constant head tanks. 

Electrode assembly. Analysis of the 
extent of reaction in the system was 
accomplished by conductance meas- 
urement techniques. These conduct- 
ance measurements required an as- 
sembly which would hold two 
electrodes rigidly in place. It was also 
necessary that the assembly provide a 
source of turbulent mixing in the re- 
gion immediately ahead of the elec- 
trodes to insure uniformity of solution 
composition at the time of electrical 
measurement. 

The electrode was constructed with 
a rubber stopper, large enough to fit 
into the 1%-in. tubular reactor, as a 
base. Six holes were drilled in the 
stopper, and platinum electrodes were 
inserted through two of these. Another 
hole in the stopper held a 29 to 31°C 
range thermometer, and a fourth hole 
served as an effluent port for the re- 
acting solution. The remaining two 
holes were used to support brass rods 
that extended several inches beyond 
the electrodes into the reactor. A 
brass ring was soldered to these rods 
at the ends extending into the reactor. 
This ring served to support a %-in. 
thick layer of glass wool which, in 
turn, provided turbulence and mixing 
in the reacting solution just prior to 
the conductivity measurement. 

The electrical resistance of the so- 
lution was measured using a simple 
Wheatstone bridge circuit. Such cir- 
cuits for measuring solutions are de- 
scribed by several references (6, 8). 
Electrical power was provided by a 
1000 cycle oscillator, and a cathode 
ray oscilloscope was used as null indi- 
cator. Electrodes were _platinized 
platinum. 


Baffle assembly. A sketch of the 
baffle assembly is shown in Figure 3. 
The assembly was approximately 3-ft. 
long, and a total of 13 quarter-cut 
brass baffles, 1%-in. diameter and %-in. 
thick, were made. The baffles were 
mounted on two 3-ft. long  %-in. 
brass rods. Construction of the baffle 
unit for each baffle spacing required 
that the: baffles be mounted on the 
rods a measured distance apart, lined 
up parallel with one another, and 


then soldered in place to provide a 
rigid structure. 


The methods involved 

For the saponification reaction, 
0.1000 N (+0.0005) solutions of 
NaOH and EtOAc were prepared by 
standard techniques. The solutions 
were standardized once during each 
run. 

Extent of reaction. The reaction be- 
tween EtOAc and NaOH was chosen 
for use in this work because it offered 
a convenient, simple, and continuous 
method of analysis (13). 

At the beginning of the reaction, 
when percent conversion is zero, the 
reactant solution consists of NaOH 
and EtOAc dissolved in water. The 
measured conductance indicates the 
extent of ionization. At the start of 
this process, the only ions present are 
those provided by the ionization of 
NaOH. Upon completion of the reac- 
tion, assuming equimolar quantities 
of reactants, ions are present in the 
solution because of the ionization of 
NaOAc, At any intermediate time, 
when a fraction x of the OH~- ions 
have been replaced by acetate ions, 
the conductance is defined: 


L’=L'xqe + + (1—2’) 


where: 


L’oacs are electrical 
conductances in the solution due to 
the presence of these ions. 

Solving Equation 9 for x’: 


(10) 


where: L’,, is the conductance of the 
original solution: L’y,* + L’ on™ 

L’, is the conductance of the final 
solution: L’x,* + L’oae 
Thus, determination of x depends 
upon conductance measurements at 
the beginning of reaction, at the com- 
pletion of reaction, and at some de- 
sired intermediate time. 

The technique has been used by 
Walker (13) to determine the reac- 
tion rate constant for the saponifica- 
tion of both methyl and ethy! acetate. 
Results agree with those obtained by 
other techniques (11, 12, 14). This 
procedure reduces the errors caused 
when samples must be removed from 
the reacting system and chemically or 
thermally treated to “freeze” the re- 
action. 

Prior to the start of an experimental 
run, reactant solutions were prepared 
and placed in the feed storage tanks. 
The solutions were pumped continu- 


ously from the storage tanks to the 
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constant-head tanks, where the tem- 
perature controllers and heaters were 
in operation, and back again until the 
temperature of each solution levelled 
off at the control temperature, 30°C. 
This process took thirty minutes to 
one hour, At this time a sample of 
NaOH solution was analyzed and a 
sample of EtOAc was removed for 
later analysis. 

At the start of the run, the elec- 
trode assembly with its glass wool tur- 
bulence section, was inserted into the 
outlet of the reactor, and the flow- 
rators were adjusted to provide con- 
stant and equal volumetric flow of re- 
actants. Equilibrium was considered 
to be attained when the conductivity 
of the reactor effluent remained con- 
stant for more than two minutes. The 
time required for the attainment of 
equilibrium normally varied from 
about 4 min. at the higher flow rates 
to 10 min. at the lower rates. 

Recorder data for each run included 
the “known” resistance box reading, 
the slide wire position, flowrator vm 
ings, and the temperature. After these 
data had been recorded, the flow rates 
were adjusted to new values and, at 
equilibrium, the experimental data 
were once again recorded. 


The end results 

Backmixing has been defined (5) 
as the effect when “particles of feed 
intermix immediately with all other 
particles in a reactor, thus losing their 
identity”. This is what happens in a 
tank-flow reactor in which the reac- 
tants are added continuously, prod- 
ucts removed continuously, and the 
reactor contents are perfectly mixed. 

It was mentioned earlier that the 
study of reactions occurring in con- 
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tinuous tubular reactors at low Rey- 
nolds Numbers is important because 
these flow rates permit the reactants 
to remain in a given reactor for a 
longer time than would be possible at 
the high rates required for plug flow. 
In addition, the use of low flow rates 
makes it possible to design shorter re- 
actors than would be possible at 
higher flow rates (and correspond- 
ingly shorter retention times). These 
conclusions do not, however, take into 
consideration the differences in con- 
version per given reactor volume 
resulting from differences in flow pat- 
tern, and these effects may be consid- 
erable. It has been established that 
the greatest degree of reaction in a 
flow reactor occurs when the reactants 
are flowing at high velocities in true 
plug flow. Under conditions of lami- 
nar flow, a partial backmixing effect 
can be noticed at any cross-section in 
the reactor due to the differences in 
velocity of reactants at various posi- 
tions within the cross-section. 

The partial backmixing in such re- 
actors at low Reynolds Numbers, due 
to the partially or fully developed lam- 
inar flow profile, may be quite serious. 
To overcome some of this effect, baf- 
fles may be inserted to break up the 
laminar profile and thus reduce the 
backmixing. The results of this inves- 
tigation show the relative effects of 
the partially developed laminar profile 
and of the baffles—and various baffle 
spacings—on the conversion obtained 
in a continuous reactor. 

Figure 4 shows the variation of con- 
version in a chemical reactor as a 
function of the reaction time. Three 
curves for the saponification reaction 
at 29.8°C are shown: the batch 
(identical to the longitudinal flow 
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case), backmix, and partial backmix 
curves. 

Curve A, is calculated for the batch 
reactor on the basis of Equation 3, 
is typical of any peapihenlal homo- 
geneous reaction with a one-to-one 
molar ratio of reactants. 

Curve C, the backmix case, is also 
a calculated curve; based on Equa- 
tion 5, another form of which is: 


ak,t = x'/(1 — x’)? (5a) 


This curve represents a reaction proc- 
ess in which reactants and products 
are being added and removed from 
the reactor constantly, while holdin 

the overall concentration of materia 
in the reactor constant. Such backmix- 
ing decreases the rate of reaction and, 
therefore, the conversion per unit 
time by decreasing the concentration 
of reactants, This shows clearly in 
comparing curves A and C. 

Curve B shows the conversion vs. 
time relationship in the open (un- 
baffled) tubular reactor operating at 
low Reynolds Numbers (440 to 1630, 
corresponding to flow rates of 560 to 
2072 cu. cm./min.). This curve is ex- 
perimentally determined and illustrates 
the basic point that the conversion in 
such a reactor follows neither the 
batch curve nor the complete back- 
mix curve. 

The experimental results for curve 
B can be compared to the predicted 
data of Denbigh (3). To do this, it is 
necessary to assume that flow in the 
experimental reactor has a fully de- 
veloped laminar flow profile. The re- 
sults of this comparison can be seen 
in Table 1, and it is apparent that 
the experimental and calculated 
(Denbigh’s laminar flow model) con- 
versions approximate each other. 


0 


1?) 10 is 
Time, min. 


Figure 4. Percent conversion vs. time: 


NaOAc + EtOH at 29.8°C. 


2.0 25 3.0 > 


NaOH + EtOAc — 
Number. 
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Figure 5. Change in composition Ax vs. Reynolds 
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Table 1. Comparison between Denbigh 
prediction and experimental data, 


29.8°C 
CONVERSION 
TIME, CURVE B 
MIN FIGURE 4 DENBIGH 
0.0 0.0000 0.0000 
0.5 0.1675 0.1710 
1.0 0.2710 0.2740 
L5 0.3510 0.3522 
2.0 0.4120 0.4145 
2.5 0.4620 0.4666 
2.75 0.4835 0.4920 


The point in this investigation, how- 
ever, was not to prove Denbigh either 
correct or incorrect in his analysis 
but, rather, to show whether or not 
conversion in this type reactor follow- 
ed a different relationship than do the 
batch or backmix cases. 

Figure 5 illustrates the effect of 
baffles on a system operating on the 
partial backmix (laminar flow) curve. 
These curves show the change in 
composition, Ax, across the 37%-in. re- 
actor section as a function of the flow 
rate for the following cases: 

1. Batch (longitudinal flow) re- 
actor—calculated 
6-in. baffle spacing 
9-in. baffle spacing 
12-in. baffle spacing 
Open tube—no baffles 


bo 


In each case the reactant stream en- 
tering the reactor section of the ex- 
perimental tube possessed a well de- 
veloped laminar flow profile. Upon 
striking the baffles, this profile was 
destroyed, with beneficial results. It 
is interesting to note the large dif- 
ference between the curve for no 
baffles and that for the widest baffle 
spacing used, This difference points 
out that even an occasional baffle 
provides much more efficient reaction 
conditions than no baffle at all. It 
is also interesting to note that as the 
flow rate increases, the curves for the 
baffled reactors come closer together 
and approach the batch curve. This 
indicates that, as expected, the condi- 
tions in the baffled reactor approach 
those expected in a longitudinal flow 
reactor as the flow rate increases. 

The beneficial effect of the baffles 
may really be a combination of two 
effects: break up of the laminar pro- 
file and subsequent formation of a 
turbulent profile typical of Reynolds 
Numbers greater than 10,000; or, 
effective division of the tubular sec- 
tion into a series of stirred tanks. 

The formation of a turbulent profile 
of flow will allow the use of the longi- 
tudinal equations for reactor design. 
This accomplished either 
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using high flow rates or by using 
enough baffles in the reactor to assure 
approximately plug-type flow condi- 
tions, as illustrated in Figure 5. 

Young (15) has shown that for a 
series of more than five continuously 
stirred reactors, the over-all effect is 
for the series to approach ration as 
a longitudinal reactor. In this investi- 
gation, the baffles divided the com- 
a reactor into 3-, 4-, and 6-sections 
or the 12-, 9-, and 6-in. spacings re- 
spectively. These units were not, how- 
ever, perfectly stirred and Young's 
methods of handling the system did 
not apply exactly. Nevertheless, the 
attern descri by Young was fol- 
owed since, as the number of sections 
increased, the over-all conversion ap- 
proached the longitudinal reactor limit. 

This work has shown that the con- 
version in a continuous reactor is not 
a simple process capable of being 
expressed by the equations for the 
batch or backmix cases. The use of 
baffles may be one technique that can 
be employed for increasing the con- 
version in a continuous tubular re- 
actor at low flow rates. 


Conclusion 


The objectives of this work were 
to determine whether either theoretical 
batch or backmix equations applied to 
reactions occurring in an open tubular 
reactor at low flow rates; and to de- 
termine the effect upon the reaction of 
placing baffles, at various baffle 
spacings, in the reactor. The conclu- 
sions reached apply specifically to 
second-order homogeneous reactions 
with a molar ratio of reactants equal 
to one and with initial reactant con- 
centrations of 0.0500N. However, it 
seems reasonable to suspect that these 
same tendencies, at least, would be 
observed in reacting systems not com- 
pletely fulfilling these conditions. 

The conclusions are as follows: 

1. Reaction kinetics in an open 
tubular reactor operating at low Rey- 
nolds Numbers (laminar flow) may 
not be predicted accurately from either 
the theoretical batch or backmix equa- 
tions. In the absence of con data, 
the application of Denbigh’s model 
might be the best available approxima- 
tion. 

2. Insertion of baffles into the open 
tubular reactor, operating at low Rey- 
nolds Numbers, increases the efficiency 
of the reactor, as shown by the in- 
creased conversion in the reactor. 

3. Baffle spacings of as wide as 12 
in. (l/d = 9.6) provide a marked in- 
crease in reactor conversion. 


4. Baffle spacings of less than 12 


in. are 


rogressively better, as tne 


spacing decreases, in increasing con- 
version in the reactor. However, the 
decreased baffle separation and the ad- 
ditional numbers of baffles required 
does not offer as much improvement 
over the 12-in. spacing as the latter 
does over the open reactor. This is 
especially true as the flow rate in- 
creases. 


fu 
th 


5. The trend in conversion as a 
nction of baffle spacing indicates 
at as the spacing is decreased, the 


conversion approaches as a limit that 


which woul 


obtained in a longi- 


tudinal reactor. 
NOTATION 


initial conc. of reactant A 
initial conc. of reactant B 
reactor 1.D. 

reactant diffusivity 
volumetric flow rate 
second-order reaction rate 
constant 

reactor length 

electrical conductance 
time 

= average retention time in 
laminar flow reactor 
minimum retention time 
in laminar flow reactor 
(time of passage of ma- 
terials through center of 
reactor ) 

reactor volume 
retention time in flow re- 
actor; corresponds to t 
amount of product (same 
units as a and b) 
average concentration of 
products at laminar flow 
reactor outlet 

fraction converted 
reaction rate 


i 


I 


x’ 
dx/dt 
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DISTILLATION 
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Chemical Engineering Dept. 
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Zygographic 


solution 


of vapor-liquid 


equilibrium 


tation called a 


tion problems. 


Ax UNUSUAL GRAPHICAL METHOD for 
solving binary distillation problems 
has been proposed and ra rane by 
Bloomfield (1, 2) which utilizes the 
“zygograph”, a name coined by him. 
It is an interesting — to 
chemical engineering of projective 
geometry, a branch of mathematics 
which has a few such applications. 
As a general method of oleddies it 
does not appear to have any advan- 
tages over existing simpler methods, 
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An unusual graphical represen- 
zygograph 
makes use of projective ge- 
ometry to solve binary distilla- 


but there is at least one worthwhile 
and unique application: a large 
amount of binary vapor-liquid equi- 
librium data can be represented with 
good accuracy on a single easy-to-use 
chart. 

As shown by Figure 1, the chart 
consists of horizontal diametral axis, 
a semicircle, and a grid. For greater 
accuracy than is possible here, a su- 
perior chart can be constructed on a 
sheet of ordinary graph paper. The 
axis is graduated in mole fractions of 
either x or y; the semicircle is gradu- 
ated only for convenience. Two vert- 
ices, whose Cartesian coordinates are 
given in Table 1°, may be located on 
the grid for each system. Rays to the 


* Table 1 presents only a portion of 
180 sets of equilibrium data, including 
most of those in the compilation of 
Kirschbaum (3). The complete table, 
containing many other systems such 
as acetic acid, benzene, ethane, hep- 
tane, and water are available from 
ADI as ADI No. 6332 
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Figure 1. Chart for binary vapor-liquid equilibrium data. 


vertices from any particular point on 
the semicircle intersect the diametral 
axis in corresponding values of liquid 
and vapor compositions, For instance, 
the construction of Figure 1 shows 
that for the acetone-ethanol system, 

= 0.45 when y 0 645. Accuracy 
is generally well within half a division 
when an axis 10-in. long, marked off 
into 100 divisions, is used. 


Locating vertices 


Vertices are located by successive 
approximation. About half of those 
in the table were located by a “three- 
point” method which used three sets 
of representative x —y data, and the 
others by a “four-point” method. The 
x and y are located on the diametral 
axis and the construction proceeds 
as follows, shown in Figure 2: 

1. Arbitrarily, select point A on the 
semicircle. 

2. Construct lines through Ax, and 
Ay,. The vertices lie along these 
lines. 


continued on page 65 
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Figure 2. (right) Three-point construc- 
tion for methanol-water system. 


Figure 3. (below) Four-point 
construction for methanol-water 
system. 
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3. Choose a point R on line Ax, 
and construct lines Rx, and Rx,, 
which in turn locate points By, and 
Cy on the semicircle. 

4. The lines Byy, and Cpy, inter- 
sect at point R’. If R’ had fallen on 
line Ay, it would have been the vapor 
vertex. 

5. If R’ is not the vertex, try other 
= Q, P, etc. on line Ax, and 
ocate the corresponding points (Q’, 
P’, etc. 

6. The intersection of the locus 
R’Q’P’ with Ay, is the vapor vertex, 
which is Q’ on Figure 2. 

Clearly, the location of point A 
determines the positions of the vert- 
ices and may have some effect on the 
accuracy of the representation. Also, 
the choice of data points affects the 
accuracy. In most of the results shown 
here, several possibilities had been 
checked. 

A set of vertices can be fitted to 
four sets of x—y data. This is the most 
accurate representation possible by 
this method, and corresponds to the 
fitting of a fifth degree algebraic equa- 
tion to the data. The four-point repre- 
sentation is unique, that is, there is 
only one set of vertices (L, V) satis- 
fying four equilibrium points. The 
procedure is as follows: 

Using only three of the points, 
several three-point vertices are located 
by the procedure explained above, 
corresponding to positions Ap, Ag, 


4 


5 


6 


Figure 4. Vapor-liquid equilibrium with constant relative volatility. 


and Ax on Figure 3, for example. The 
loci of these vertices are curves POR 
and P’Q’R’ on this figure. The fourth 
set of data (xy, yg) must now be fit- 
ted. Accordingly, these constructions 
are made in sequence: Line P’y, 
locates D, on the semicircle. Line 


Table 1. Coordinates of vertices. 
Low BOILER: ACETONE 
High boiler P., atm. Ly Vx Vy 
Acetic acid, x< 0.53 1.0 252 245 925 372 
Acetic acid, x> 0.53 1.0 252 245 947 489 
Benzene 1.0 262 500 630 365 
Butanol 1.0 090 196 933 293 
Chloroform 10 639 409 632 812 
Ethanol 1.0 568 75 827 324 
Methanol 1.0 553 452 662 247 
Methyl! cyclohexane 1.0 485 334 782 288 
Monochlorbenzene 1.0 841 406 957 039 
Toluene, x< 0.15 1.0 150 154 660 118 
Toluene, x> 0.15 1.0 500 385 940 108 
Trichlorethane 1.0 268 330 957 281 
Water 1.0 047 383 685 OSS 
Water 6.8 048 370 670 070 
Low METHANOL 
High boiler 
Benzene 1.0 201 lll 570 009 
i-Butanol 1.0 1070 870 1044 160 
1, 4 Dioxane, x< 0.75 1.0 205 250 S48 052 
i, 4 Dioxane, x> 0.75 1.0 050 200 710 058 
Ethanol 1.0 470 347 663 342 
Water 1.0 153 405 751 234 
Water 4.0 243 178 721 118 
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D,xXq intersects A,x, at P,. Similarly 
Q, is located on line Agx,, and so on. 
The locus P,Q,R, intersects the locus 
POR at point L which is the correct 
liquid vertex. Finally, line Lx, locates 
point C and line Cy, intersects locus 
P’OYR’ at V which is the correct vapor 
vertex. 

Mixtures having constant relative 
volatility, with equation 

y = ax/(1 — x +- ax), 

where a is the relative volatility, are 
especially simply represented. On 
Figure 4 the liquid vertex is fixed at 1 
on the a-scale and the vapor vertex 
is at the value of a for the particular 
system. 
’ A few mixtures need more than one 
set of vertices for satisfactory repre- 
sentation; some others have vertices 
so close to the axis that accuracy is 
difficult to achieve on a chart of small 
size. A few examples of each appear 
in this compilation. 
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Tosnio TANryYAMA, YOSHIICHI 
Sumitomo Chemical Co., Ltd. 


Coal gasification 
—Sumitomo process 


Japanese design and operational acu- 
men breach technical barriers in the 
path of commercial coal gasification. 


Nor TO BE OUTDONE BY SEVERAL 
other countries throughout the world 
already gasifying middle- and low- 
grade coals, Japan has also climbed 
on the bandwagon. The key points 
of a coal gasification process devel- 
oped by the Sumitomo Chemical Co. 
involve a ferrous oxide flux and a 
vertically-rising vortex entrainment. 
The method is a normal pressure 
gasification in which a mixture of 
pulverized coal, oxygen, and steam 
is jetted diagonally downward into 
the gasifier from the lower part of 
vertical cylindrical furnace and from 
which slag is efficiently separated by 


an upward vortex current, collected 
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at the bottom of the furnace, and dis- 


charged at comparatively low tem- 


perature, Figure 4. 

A pilot-plant scale gasification unit 
was completed by the end of 1954, 
and a new 50 ton coal/day industrial 
unit was constructed in 1955 which 
was successfully operated continuous- 
ly for 3000 hours in 1956. 


Effect of flux on slag 

It is of course desirable to gasify 
pulverized coal under the optimum 
condition, viz. ash content of the pul- 
verized coal is fused at 1200-1300°C 
of gasification temperature for smooth 
discharge and disposal. However, dif- 


ficulty is to be anticipated in achiev- 
ing smooth discharge and disposal 
under this condition without usin 
flux, regardless of the kind of coa 
used. Therefore, what is proposed 
here is to lower the ey point of 
the slag and increase its fluidity by 
using a flux. FeO is a good flux in 
that it can lower the melting point 
of the silicic acid in the slag. 

The lowest melting temperature of 
the eutectic mixture of FeO-SiO, is 
1115°C, There are difficulties in its 
use because in the conventional gasi- 
fication method FeO is reduced by 
carbon to iron and may sometimes be 
oxidized or sometimes reduced ac- 
cording to the ay pe! of the atmos- 
phere. However, if pulverized coal is 
gasified on entrainment, it is Lossible, 
by controlling coal powder distribu- 
tion and carbon der density in 
the vortex, to induce either the oxi- 
dation or reduction reaction of FeO 
by the generated gaseous atmosphere 
instead of its direct reduction by 
carbon. 

The control of oxidation or reduc- 
tion of FeO by the generated gaseous 
atmosphere can be achieved by ad- 
justing the amount of steam added 
to maintain the water gas conversion 
reaction in the state of equilibrium. 
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PROCESSING 


Equilibrium value of woter gas shift reaction at constant temperature. 
-~-= Calculated value of gas comp from Fukush coa! 
at 053 carbon eff. 77% (by analysis) 


That is, oxidation and reduction of 
FeO by the producer gas atmosphere 
in the gasifier is governed by the \ 


following equations: 
FeO + CO = Fe+ CO, ....K, 
FeO +H, 2 Fe-+-H,O ....K, 


CO +H,O 2CO, +H, ....K, 


Therefore, if the values of the ra- 
tios among the four compounds of 
the produced gas, viz, CO,/CO and 


©0,/c0 


a H,O/H,, are made larger than the 

7 equilibrium constants K, and K, of 04 

ak the water gas reaction by adjustin 

is A the amount of steam to be added, 

Re then production of iron in the gasifier on 

gf will prevented so that the total 

ae amount of FeO can be made to react 

as flux on SiO,. 

tion of FeO by the four compounds H,0/H, 

oes CO, H,, CO,, and H,O and the gas Figure 1. Influence of producer gas composition on iron slag. 

©) 


dust slag (23) 


(1) flux bin (10) pulverized coal bin N,reserver super Kester 

= (2) raw coal bin (I!) screw feeder (20) coal gasifier (29) cooling tower 

(3) mixed coal bin (12) compressor (20 slag removal tonk (SC) cyctone sorubber 

4 (4) hot air furnace (13) bag filter (22) slag flight conveyer (32) mist rotor 

(5) hot air fan cyclone separator (23) slog weighing conveyer (3) 

, (6) Pulvenzer (15) coal weighing hopper (24) Ist jacket boiler (34) Venturi scrubber 

es (7) Ist separator (16) coal feed hopper (25) 2nd jacket boiler (35) mist separator 
(7) coal feeder (26) waste heat boiler 
(9) exhauster (18) O, blower (27) steam accumulater 


Figure 2. Gasification plant flow sheet. 
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composition ratios, is calculated from 
the equilibrium constants given by 
(1), as shown in Figure 1. 

In Figure 1, the straight lines in- 
dicate the equilibrium value of the 
CO + H,O = H, + CO, reaction 
corresponding to each temperature, 
while the solid curve indicates the 
equilibrium value of oxidation-reduc- 
tion reaction to FeO. Therefore, the 
upper range of the curve represents 
an oxidizing atmosphere against FeO, 
while the lower range is a reducing 
atmosphere. 

The ability of the produced gas 
atmosphere at the bottom of gasifier 
to oxidize or reduce is estimated as 
in the following example: 

Assume the added amount of oxy- 
gen is 0.53 cu. m./kg of coal, and the 
corresponding carbon conversion rate 
is found by analysis to be 77%, then 


Taniyama 


Toshio Taniyama is acting manager 
of No. 2 Manufacturing Department, 
Niihama Works of Sumitomo Chemical 
Co., Japan. A graduate of Osaka im- 
perial University in Applied Chemistry, 
he obtained a Ph.D. in 1957. He is now 
doing research work in oil gasification. 

Yoshiichi Karato joined Sumitomo 
Chemical in 1947, right after finishing 
Meiji Technical College. His work on 
gasification research includes commer- 
cialization of the coal gasification 
process and, currently oil gasification. 


gas compositions at the bottom of 
gasifier are computed as their equi- 
librium values at each temperature, 
as shown by the dashed lines. Ac- 
cordingly, the atmosphere is reducing 
if the steam/coal ratio is 0.1 kg/kg 
with bottom temperature of gasifier 
of 1400-1500°C; then Fe is produced. 
Moreover, since the boundary condi- 
tion between the oxidizing and re- 
ducing ability of gas composition on 
FeO in the upper part of the gasifier 
is CO,/CO = 0.32 and H,O/H, = 
0.85 at 1200°C, and CO,/CO = 0.27, 
H,O/H, = 0.9 at 1350°C, the op- 
timum condition for adding steam is 
within a limited range such as 0.3- 
0.4 kg/kg of coal, in the case of pul- 
verized coal gasification. 


Gasification equipment 
A brief description of the gasifica- 
tion process successfully put into com- 
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Table 2. Characteristics ot raw material and product material. 
1. Analysis of coal and dust from scrubber; weight—percent. 


Takamatsu Dust from 


Coal coal (mixed scrubber 
Fukushima Saitozaki Takamatsu Matsuura 5% flux) 
H,0 2.8 2.6 3.8 1.5 1.5 1.3 
Volatile matter 34.7 34.7 33.0 35.55 33.8 1.9 
Fixed carbon 41.4 33.9 33.3 37.70 35.9 45.6 
Ash 21.1 28.8 29.9 25.25 28.8 51.2 
Cc 60.8 55.6 51.4 58.21 
H 4.3 4.1 4.1 4.32 
Oo 9.5 8.1 9.6 7.92 
N 1.3 0.6 0.9 1.12 
S 0.2 0.2 0.3 1.68 
Gross calories, kcal./kg. 6060 5140 5600 


2. Analysis of coal ash, flux, and slag; weight—percent. 


Coal ash Pyrite Matsuura 
Fukushima Saitozaki Takamatsu Matsuura cinder slag 
SiO 53.70 53.40 56.26 53.93 7.2 48.04 


8: 


3 


3. Softening point of coal ash (reducing atmosphere). 


Coal name Weight-percentage of pyrite cinder in ash 
0 10 20 30 (%) 
Takamatsu 1450°C 1350°C 1150°C 1100°C 
Matsuura 1260°C 1150°C 1120°C 1110°C 
Fukushima 1220°C 1120°C 1110°C 1090°C 
Saitozaki 1180°C 1130°C 1120°C 1100°C 
4. Screen analysis of raw coal and dust from scrubber. 
Weight 
mean diam. 
Size distribution (weight-percent) of particle 
Screen size 
(mesh ) +10 +20 +32 442 +60 +100 +150 +200 —200 (mm. ) 
Matsuura 
coal 
+ flux 1.0 8.0 6.4 14.8 11.2 10.4 15.6 3.2 29.4 0.32 
Dust of 
scrubber 1.0 0.4 10.0 0.9 3.4 13.6 17.4 62.3 0.09 


the coal gasification equipment in- 
cluding the gasifier. The instrumenta- 
tion diagram of the process is given 
in Figure 3. 


mercial operation in 1956 is given 
here. Figure 2 is the flow sheet of 


Table 1. Outline of Sumitomo pulverized 
coal gasification. 


Capacity (coal) 2 ton/hr. As shown by Figure 4 and Table 
Generated gas volume 1, the gasifier is a vertical cylinder 

(wet base) 4000 Nm*/hr. three meters high, completely lined 
Jet velocity of gasification with silicon carbide bricks; 1.5 me- 

Teactants : 100 m./sec. ters I.D. to a third of the way up, 
of and 2 meters LD. forthe upper tw 
Height of gasifier en: thirds. The lower third is protected 
Retention period of with a water-cooling box. 

generated gas 1.7sec. Four burners are arranged sym- 


metrically around the bottom of the 


Ascending gas veloci 
a od cylinder and the mixture of pulver- 


inside gasifier 
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A1,0, 26.18 23.18 27.81 20.56 1.5 15.80 | 
. CaO 0.63 0.56 0.07 5.14 0.9 4.18 ; 
Bb Fe,O, 6.99 8.82 4.35 8.87 88.5 2.32 
MgO 2.66 1.63 1.90 1.2 1.50 
0.85 0.63 0.46 0.6 0.16 
x K,O 1.26 1.56 1.74 
Na,O 1.63 1.78 1.62 l 
/ 


ized coal, oxygen, and steam is blown 
tangentially and diagonally downward 
into the gasifier to preclude any dead 

ce of the current at the hearth. 

e current of mixed materials strikes 
against the slag, stirs it, and thereby 
makes the flux more effective. The side 
brick wall of the gasifier is protected 
by the cooled slag itself. This feature, 
together with the effect of water cool- 
ing, maintained the brick life of the 
commercial unit for more than 3000 
hr. of continuous operation. 

The generated gas is led through 
an outlet at the center of the gasifier 
roof, and sent to the waste-heat re- 
covery. The whole inner surface of 
the gasifier, including the gas outlet, 
is made “wet wall” with the slag held 
molten. Thus, the generated gas con- 
taining molten dust, can be taken 
out without difficulty for a long time. 
Overflow slag from the outlet at the 
center of the earth is contin 
discharged and broken by water jet. 


Results of gasification 


To determine what kinds of coal 
can be used as raw material, the four 
kinds of middle- and low-class coals 
shown in Table 2 were put to a gasi- 
fication test in a small test furnace. 
It was confirmed that their ash could 
be easily slag-tapped. Based on this 
result, the most economically avail- 
able Matsuura coal was selected for 
the continuous commercial operation. 

Size of the coal was (as shown in 
Table 2, 4.) 0.32 mm. in weight- 
mean diameter, and pyrite cinder was 
mixed as flux equal to 5% of the coal. 

The typical examples of gasifica- 
tion results are given in Table 3, 
while the relation between the oxy- 
gen/coal ratio and the CO -+- iL 
coal ratio is shown in Figure 5. 

Regarding the addition of ferrous 
oxide as flux, if FeO/SiO, is about 
% as shown in Table 2 (Composition 
of slag), the discharge and disposal 
of liquid slag are easily ied out 
when the temperature of generated 
gas is 1200°C, Therefore, the ratio 
need not be more than 5% as against 
coal. 

Regarding the steam/coal ratio, 
compositions in the gasifier in 
cases of dry and wet gas are as 
shown in Table 5. 

Therefore, regarding the critical con- 
dition of ability of the gas to oxidize 
or reduce iron inside the gasifier, or 
for the data of Table 6, the gas com- 
position in the furnace is reducing to 
iron at the upper part of the gasifier 
and oxidizing to it below the middle 
of the gasifier where the carbon con- 
version rate is below 90%. 
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5 
FRC flow recording controller 


steaom—«_O PRC pressure recording controller 
3 TRC temperature recording controller 


PIA pressure indicoti 
densimeter 


0, blower WRA coal 

2 5 gosifier solenoia vaive 

— 2 6 Theisen wosher MS motor switch relay 
3 steam super heater “7 gas blower -+++ pneumatic line 

4 coal feeder 8 gosreliefvalve electric line 


alarm 


Figure 3. Schematic layout of automatic control system for gasification plant. 


Table 3. Principal operation results on Sumitomo gasification plant (Matsuura coal) 


Feed rate of raw coal, kg./hr. 
Process oxygen input (100%), (N)cu. m./hr. 882 
Process steam input, kg./hr. 553 
t, (N)cu. m./hr. 2880 
2450 
345 


1820 


Product 
Product + H, output, (N)cu. m./hr. 
Product slag output, kg./hr. 
Outlet gas temp. of gasifier, °C 1210 
Oxygen/raw coal (100% oxygen), (N)cu. m./kg. 0.485 
Process steam/raw coal, kg./kg. 0.304 
Product gas/raw coal, (N )cu. m./kg. 1.580 
Product CO + H,/raw coal, (N)cu. m./kg. 1.343 
Carbon efficiency, % 92.1 
Thermal efficiency, (Heat of combustion of prod. 

gas per coal feed), % 73.7 


Percent of H,O decomposition based on process steam 


and HO in coal, % 39.8 
Percent of slag collected in gasifier, % 65.7 
Analysis of gas produced, by volume 

CO,, % 11.7 

Co, % 51.1 

H,, % 33.9 

CH, + illuminant, % 0.6 

0.2 

N. + impurities, % 2.5 

CO + H,, 85.0 

Calorific value (gross) keal./(N)cu. m. 2616 


Table 4. Heat balance of gasifier. 


1910 


1870 
1010 

690 
3090 
2590 

402 
1310 


Basis: Matsuura coal 1 kg., 0,/Coal = 0.514 (N) cu. m.,/kg., O°C 1 atm. 
Percentage 


Input Keal./kg. coal 
Gross calorific value of coal 5600 
Sensible we coal 8 
Sensible t 4 
Sensible and steam 246 

Total heat 5858 

Gross calorific value of product gas 4250 
Sensible heat of dry uct gas 740 
Latent and sensible heat of unreacted steam 324 
Gross calorific value of residue carbon 133 
Sensible heat of residue dust and slag 118 
Heat loss from 298 

Total heat 5858 
Heat 


em; 
(Heat of steams from waste heat boiler ) 
Heat of process steam 246 
Heat of credit steam 879 
Total heat 625 


75.85 
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PIA (MS MS 
ae 
CO) 86 4 
arm 
3120 
2650 
| 387 
1255 
0.514 | 
0.328 
1.630 
1.387 
97.2 
75.9 
36.5 
70.3 
: 
. 
100.00 
0.14 
0.07 
4.40 
104.61 
13.25 
5.79 
2.38 
2.02 
5.32 
104.61 
4.40 
6.77 
11.17 


Figure 4. Sectioned view of gasifier furnace and slag 


removal conveyor. 


Figure 5. Results of gasifier operation as a function of 


oxygen-carbon ratio. 


Thus, the selection of steam/coal 
ratio is determined within such range 
that the gas composition in the gasifier 
is kept oxidizing to iron, avoiding the 
inclusion of pig iron in the molten 
slag to be discharged. 

The relation between the particle 
size distribution of pulverized coal 
and scrubber dust mentioned in Table 
2, and the slag collection rate and 
carbon conversion efficiency men- 
tioned in Table 3 is governed by 
design conditions of the gasifier. For 
example, when the particle size of 
pulverized coal is: 

more than 0.5 mm.,; less than 20% 

less than 0.1 mm.; less than 30% 
and the gasifier is so designed that 
the minimum size of particle going out 


(CO+H2)/coal 


temperoture 
carbon conversion 


of outlet is 0.08 mm., the following 
results were obtained: 


Slag collection rate 73-75% 

Carbon conversion 
efficiency 

Maximum diameter of 
scrubber-dust particles 0.1-0.15 mm 

Average particle diameter 0.09 mm 


The heat efficiency of gasification, 
as seen from Table 4, is as follows: 
The calorific value of produced gas 
is 75.8% of that of coal, and the 
sensible heat of produced gas and 
undecomposed steam is 16.4%, total. 
Thus, since the recovery of waste 
heat is possibly 11.0%, the total heat 
efficiency of the gasification equip- 
ment is 85%. 


92-99% 


160 
044 046 048 O50 O82 054 056 O58 260 


Oxygen /coal (Nm 


The radiant heat loss of the gasi- 
fier is 300kcal. kg. of coal, while the 


radiant heat loss from the water cool- 
ing jacket (at the protective part of 
wall of the lower part of the gasifier) 
is 65%, but this is the inevitable ra- 
diation to protect the lining of fire- 
proof brick. 

If the heat absorbed by the water 
cooling jacket is recovered for pre- 
heating water to generate steam, 
then the total heat efficiency is raised 
by 3.5% up to 88.5%. The dust con- 
tent at each dust collector is as 
shown in Table 7. 
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Table 5. Gas composition in gasifier,percent. 


PART OF 
GASIFIER 


MIDDLE PART 
OF GASIFIER 


Dry Gas WET Gas 


12.1 


Temperature, °C 
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Dry Gas WET Gas 


ok Sor 


Table 6. 
co,/CO 
1255°C 
oxidizing > 0.305 oxidizing > 0.87 
1350°C 
oxidizing > 0.27 


H,O/H, 


oxidizing > 0.90 


Table 7. Dust content. 

Dust content, 

g-/cu.m.( gas) 
Outlet of gasifier 69 
Outlet of scrubber for cooling 14.17 
Outlet of cyclonic scrubber 1.13 
Outlet of Theisen washer 0.032 
Outlet of gas blower 0.017 
Outlet of Venturi scrubber 0.010 
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Ultrahigh pressure technology 


Synthesis of new materials having unique properties and the opportunity 4 
to explore geochemical and geophysical processes are becoming feasible with 
i the rapid laboratory development of high pressures and temperatures. 


oo RAPIDLY DEVELOPING FIELD of 

superpressure offers great ential as 

a tool in chemical technology. There 

appear to be two major objectives: 

one, to obtain a basic understanding 

of the effects of pressure on matter; 
ye and two, the search for applications 
“Ss of pressure as a new tool in materials 
fai) research and synthesis. 

To provide suitable orientation, the 
pressure range of interest and its rela- 
tion to the gamut of pressures exist- 
ing in the universe must be estab- 
lished. If we examine the pressures 

of geophysical and astrophysical ori- 
gin, we find an extreme range, from 
the near perfect vacuum of space to 
the pressures at the centers of the 
heaviest stars. On earth, the pressure 
at the bottom of the deepest ocean 
trench is about 1000 atm.; at the 
inner edge of the earth’s crust (ie., 
the M vicic discontinuity _be- 
tween crust and mantle), 10* atm.; 
and at the boundary between mantle 
and core, 10° atm. At the earth’s cen- 
ter the pressure is about 3.6 x 10° 
. atm.; at the center of the sun, 10" 
atm.; whereas, within the white 
dwarf stars the extraordinary ure 

of atm. may be re 
Such extreme values cannot, of 
course, be attained in the laboratory. 
The highest pressure reported in a 
; static experiment is 4 x 10° atm., 
e while in explosive shocks transient 
igh ressures over 10° atm. may well have 
oad reached. However, the difficul- 
ties involved in measuring pressure 
and temperature during the short time 
of passage of the shock wave through 


High pressure tetrahedral-anvil appara- 
tus with one anvil retracted. 
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the sample being investigated, and 
the uncertainty as to attainment of 
ee make this method some- 
what less attractive for materials re- 
search; therefore, shock-wave studies 
will not be considered. It is evident 
that we should seek ultimately to 
reach static laboratory pressures up to 
10° atm. if we are to simulate pe i- 
cal processes. 


Effects of pressure on systems 

In considering the fundamental 
effects of pressure, there are several 
rules that qualitatively control the 
behavior of the system under investi- 
gation. One is the well-known prin- 
ciple of Le Chatelier, involving the 
factors affecting equilibrium in re- 
versible processes. Thus, reactions 
involving condensible systems are 
gover by the system pressure 
which, if increased, acts as a driving 
force shifting the equilibrium in the 
direction of decreased volume. 

There is evidence, as well, of the 
effect of pressure on condensed sys- 
tems. Thus, compressibilities are 
always positive, if a phase = 
occurs under pressure, the principle 
predicts that increased pressure will 
shift the transition in direction 
forming the phase of lesser volume. 
For example, all gases or liquids will 
solidify at room temperature under 
sufficient pressure, In the case of the 
most difficult gas to freeze, helium, 
the pressure is estimated at about 10° 
atm. 

What will happen to alline 
solids which are panel stable up 
to high temperature without under- 
going phase transitions? In the case of 
most metallic or mineral systems, 
composition and temperature are the 
two variables usually considered in 
carrying out phase-diagram studies. 
Considerations of thermodynamics 
and the phase rule, however, indicate 
that pressure as another degree of 
freedom may be capable of producing 
new phases, with implications of great 
iafllomen. Knowledge of the atomic 
structure of solids should provide 
some clues a8 to their behavior under 
pressure. In, solids the bonds are 
stronger, the»densities are generally 
higher than those of gases or liquids, 
and higher pressures are needed to 
cause transformations. Nevertheless, 
the compressibility of solids, though 
small, is finite and measurable. Fur- 
thermore, where polymorphism is 
known, the high temperature stable 
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. . . Pressure, as another degree of freedom, may be capable of producing new 
phases that do not undergo phase transitions at high temperatures. 


form is generally the more symmetri- 
cal structure and consequently its 
atoms are more closely packed, Since 
increasing pressure favors the phase 
of higher density, it might be possible 
in this way to transform some solids 
into more dense forms not observed 
in nature. In fact, it seems likely that 
all materials will transform ultimate- 
ly into close-packed metallic struc- 
tures at high enough pressures. The 
attainment of more symmetrical struc- 
tures through increased pressure is 
simply an example of the second prin- 
ciple governing system behavior, 
namely that of structural order. 

As a corollary effect, it may be ex- 
pected that pressure will reduce 
thermal vibratory and rotatory mo- 
tion and consequently will the 
effects of temperature — the ener- 
getics of the reaction. Thus, pressure 
should have an effect, not only on 
equilibrium conditions, but also on 
reaction rate. In the case of solids 
with ionic or covalent bonding, the 


force 


effect is to increase bond strengths 
and thus lower the reactivity. On the 
other hand, raising the temperature 
has the opposite effect on bond 
strength, owing to the increased 
thermal vibrations and separation of 
the atoms or ions, This increases the 
chemical reactivity and thus counter- 
acts the effect of pressure. In fact, 
most reactions, as in the synthesis of 
diamond, would be much too sluggish 
at room temperature to be of eco- 
nomic value, and thus the use of heat 
simultaneously with pressure appears 
mandatory. This requirement imposes 
a severe restriction on the design of 
ultrahigh pressure apparatus as will 
be apparent in the later discussion of 
apparatus and techniques. 

Assuming that pressure causes 
phase transformations as predicted, 
there remains the question of the sta- 
bility of any newly formed phase and 
its possible reversion to that form 
which is thermodynamically stable at 


holdown force 


+ 


tungsten carbide 
heater 
nicke| 


insulator 
sample 


Vp 


AgCl 
nicke| 
7m tungsten carbide 


Figure 1. Interior of high-pressure cylinder die with electrical heating. 
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low pressure. Although most phase 
transformations are reversible with 
temperature change, fortunately there 
are many transformations known to be 
so very sluggish that if the high- 
temperature form is cooled with suffi- 
cient speed it is retained in a metasta- 
ble condition. The diamond is a 
classical example; it is metastable 
and reverts to graphite on heating. 
However, this reverse transformation 
is exceedingly slow, and diamond is 
normally considered a relatively stable 
material. Thus, there is evidence that 
high-pressure phases, once synthe- 
sized, would exist metastably over a 
useful temperature range for a suffi- 
cient time to be of use in some appli- 
cations. 


Ultrahigh pressure apparatus 
Pressure reactors for laboratory syn- 


CHEMICAL SYNTHESIS 


thesis up to a few thousand atm. are 
well known. Large scale applications 
in the petrochemical and plastics in- 
dustries rarely exceed 1500 atm. 
owing limitations of 
strength of the pressure vessels. Ex- 
trusion-press capabilities are now 
approaching a few thousand atm. 
Both laboratory and large scale chem- 
ical reactors generally use gas or 
liquid media pressure transmis- 
sion. Liquid transmission has been 
used up to 30,000 atm. where the best 
fluid, n-pentane, freezes at room tem- 
perature. Above this limit, other 
schemes have had to be developed. 
The impetus for the present high- 
pressure research activities is due to 
the extensive and pioneering efforts 
of P. W. Bridgman. His early work 
employed the right circular cylinder 
vessel and piston. This extremely sim- 
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Figure 2. Battelle version of the Bridgman anvil high-pressure apparatus. 
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— might be expected to be 
imited by the bursting pressure of 
the cylinder. Calculations based on 
elastic theory would indicate that the 
pressure in a thick cylinder cannot ex- 
ceed its tensile strength; nevertheless, 
Stillman in 1900 showed that a pres- 
sure of 25,000 atm. could be attained 
in a thick cylinder of steel with an 
ultimate tensile strength of 10,000 
atm. Bridgman suggested that the 
inner layers of a cylinder are plastic 
at high pressures, thus distributing the 
stress over a greater area. Using an 
insert of cemented tungsten carbide, 
which is much stronger in compres- 
sion than steel, he employed the prin- 
ciple of the compound cylinder in 
which outer binding rings are shrunk 
on or forced ou by means of a conical 
fit so as to place the inner cylinder in 
compression. With this apparatus, he 
consistently obtained nearly 50,000 
atm., the limitation being the eg 
strength of the unsupported portion 
the carbide piston outside the cylin- 
der. By surrounding the piston and 
cylinder with a liquid under hydro- 
static pressure, he was able to reach 
100,000 atm. at room temperature. 
However, apparatus using such a cas- 
cade principle is bulky, difficult to 
work with, and not easily amenable 
to modification for heating; thus, it is 
not commonly used at present. 

Figure 1 shows a cutaway drawing 
of the interior of a cylinder die em- 
ployed at Battelle which has been 
modified to it electrical heating. 
Heat is applied internally by means 
of electrical resistance heating in the 
following manner, The sample, in the 
form of a short rod, is encased in a 
thin-walled tubular resistor of graph- 
ite or platinum. The resistor is en- 
cased in a close-fitting, thick-walled 
insulating cylinder of unfired Grade 
A Lava. The die is water cooled. This 
design has performed satisfactorily 
up to nearly 50,000 atm. and at tem- 
peratures to 3000°C. 

Another concept, that of massive 
support of the piston, was employed 
by Bridgman in his “anvil” unit. The 
Battelle version of this apparatus, 
Figure 2, consists simply of two abut- 
ting pistons of cemented carbide, with 
one or both working surfaces in the 
form of a flat truncated cone, The 
sample diameter, and thus the area 
of he ssure zone, is much less than 
that of the piston, so that binding-riug 
support is essentially provided over 
the entire length of piston. The sam- 
ple is in the form of a thin disk, about 
10 mils thick, placed within a com- 
pressible gasket ring of talc-like pipe- 
stone. External heat is supplied from 
a tube furnace surrounding the pis- 
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tons. Pressures to 250,000 atm. have 
been obtained with this apparatus at 
room temperature. Temperatures up 
to 1000°C have been used, but owing 
to loss of strength of the die materials, 
the available pressure is not over 20,- 
000 atm. at this temperature. 
Despite the rather limited tempera- 
ture range and the pressure restric- 
tions imposed on heating, the Bridg- 
man anvil has been used = a number 
of workers, especially in the field of 
mineral synthesis. It is highly attrac- 
tive for laboratory use because of its 
extreme simplicity and low cost. 
Diamond and Borazon were made 
by General Electric in special appara- 
tus (the “belt”-conical ‘ie and piston 
with extruding gasket) maintaining 
about 100,000 atm. at temperatures 
up to 2000°C. H.T. Hall has de- 
scribed a fully supported die consist- 
ing of a compressed region in the 
shape of a regular tetrahedron, rather 
than cylinder or disk as in other 
known designs. Four pistons of 


Figure 3. Schematic of sample-cell in- 
sert in the tetrahedral-anvil apparatus, 
consisting of the sample in the resist- 
ance heater tube A capped with metal 
end tabs B within the pyrophyllite 
tetrahedron. Pyrophyllite prisms C, cut 
out to permit insertion of A, are re- 
inserted to fill the volume completely. 
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. . . Development of improved high pressure and temperature apparatus must 
keep apace with applied research to broaden over-all potentialities. Geochemical 
processes and chemical synthesis are now open to exploration. 


cemented carbide, see introductory 
em are constrained by means of 
ydraulic cylinders which move along 
lines perpendicular to the triangular 
faces of the tetrahedron. The piston 
faces are triangular anvils and are 
beveled so as to nest together. Bind- 
ing rings encase the carbide to sup- 
port the tensile forces which develop. 
The sample is in a heater tube sup- 
sara within a pyrophyllite tetra- 
Figure 3, contained in the 
volume enclosed by the four anvils. 
The necessary motion for compression 
is provided by squeezing out some ot 
the pyrophyllite into the space _be- 
tween the anvils. Internal electrical 
heating is employed. This is called the 
“tetrahedral-anvil” apparatus. 
A new die design shown in Fi 
4 has been developed and tested by 
W. B. Wilson of our laboratory. This 
die, the “girdle”, shows considerable 
omise for use at high pressure and 
igh temperature, It utilizes a new 
principle of motion via elastic distor- 


Electrical contacts for heating are 
made to opposite pairs of anvils by 
end-tab extensions in the surfaces of 
the tetrahedron. The insert is larger 
than the volume enclosed by the anvils; 
on compression, excess pyrophyilite 
extrudes, forming a gasket seal. 


tion in which the pistons of the Bridg- 
man anvil seat into an elastic steel die 
supported in turn by multiple binding 
rings. As the pistons are pushed to- 
6 , the wedge effect of the cones 
orces the die to oucee. The opera- 
tive geometry is indicated in Figure 
5. For pressure to build up in the die, 
the dimensions must be selected such 
that the volume decrease swept out 
as the pistons advance (disk volume= 
 r* 4h) must be larger than the ex- 
pansion due to change in radius (an- 
nulus volume = 2 x rh Ar). This die 
can be made with sufficient height to 
permit use of internal heating so that 
it offers all the advantages of the right 
circular cylinder die plus the massive 
support of the Bridgman anvil. Its full 
capabilities have not yet been ascer- 
tained, but in preliminary tests, pres- 
sures over 130,000 atm. were reached. 
Perhaps twice this value should be 
attainable at temperatures to 3000°C. 


Applications of high pressures 
The promise of significant effects of 


pressure on phase transformations and 
on chemical reactions has been noted. 
What has been accomplished thus far? 

Bridgman investigated numerous 
elements, intermetallic compounds, 
simple salts, and some organic com- 
pounds. His studies provided data on 
compressibility and on changes in 
electrical resistivity useful for detect- 
ing any transitions that might occur 
under pressure. He generally worked 
near ambient temperature, determin- 
ing a number of transition points 
which are the basis for pressure cali- 
bration in other apparatus. 

Bridgman’s was extended by 
others, with emphasis on synthesis. L. 
Coes, Jr. of the Norton Company and 
later H. T. Hall of General Electric, 
devised methods of simultaneously 
obtaining high temperature and high 
pressure. e former produced co- 
esite, a dense form of silica, not found 
in nature. His apparatus consisted of 
a cylinder die of eyes alumina 
with a cemented carbide piston, The 
G.E. work culminated in the produc- 
tion of diamond and of Borazon, a 
cubic form of boron nitride. 

The synthesis of diamond marked 
a rather spectacular turning point in 
the application of high pressure, since 
it demonstrated the commercial 


potential of this research tool. Since 
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the density of diamond is considerably 
higher than that of graphite, many 
early attempts were made to employ 
heat and pressure in its synthesis, but 
with no success. Recently, based on 
a critical examination of the thermo- 
dynamic data for the transformation, 
it was concluded that diamond is the 
stable phase above 15,000 atm. How- 
ever, Bridgman made several attempts 
to produce diamond with pressures 
above 100,000 atm. at room tempera- 
ture. The reason for his failure, as we 
know now, was the slow rate of the 
reaction. Thus, the temperature must 
be raised to provide the necessary 
activation energy for rearrangement 
of the atoms. Heat, while supplying 
the activation energy, also causes dis- 
order due to thermal motion of the 
atoms and molecules; thus, the equi- 
librium pressure for the reaction will 
generally rise to counteract the dis- 
ordering effect of temperature. At 
2000°C, therefore, over 70,000 atm. 
would be required according to the 
thermodynamic calculations. 

The fact that diamond is a natural 
product was an obvious challenge to 
mans’ ability to synthesize it. Borazon, 
however, does not occur in nature. It 
is of interest to note that its existence 
was predicted on the basis of a knowl- 
edge of the structure and properties 
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of the ordinary hexagonal polymorph 
and the striking analogy to carbon. 
Hexagonal BN is soft and flaky like 
graphite. Easy slip occurs between 
the hexagonal platelets. The cubic 
form was predicted to have the struc- 
ture and hardness of diamond; this 
material, when produced under high 
pressure, did have the predicted struc- 
ture and hardness, but showed better 
oxidation resistance than diamond. 
Coesite, with a density of 3.01 
g./cu. cm. compared to 2.65 for 
quartz, was prepared from sodium 
silicate and a mineralizer at 35,000 
atm. and 750°C. Similar conditions 
should be available in the earth’s in- 
terior, so its nonexistence as a natural 
mineral might be explained on the 
basis of the relation of the cooling rate 
to the rate of inversion, or ascribed to 
secondary reaction. It is obvious that 
in the case of the products synthe- 
sized so far, the inversion to the stable 
state is sluggish enough to permit the 
metastable phase to persist on cooling. 
A number of naturally occurring 
minerals, mostly siliceous, have been 
synthesized. These include sillimanite, 
jadeite, andalusite, kyanite, topaz, 
and pyrope. Clay is frequently one of 
the starting components; and since it 
contains water, one wonders whether 
the latter contributes to the reaction 
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Figure 4. The new “girdle” die design for ultrahigh pressure and temperature. Figure 5. “Girdle” operative geometry. 
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rate because of its high solvency for 
silica. 

Several transitions have been 
studied in the field of organic chem- 
istry with pronounced effects observed 
at modest pressures. For example, a 
shift in equilibrium between cis and 
trans 1,2-dichloroethylene was found, 
the shift with increased pressure be- 
ing in the direction of the isomer of 
increased density. The change in 
equilibrium constant computed from 
the known molar volumes of the two 
forms at one atm. agreed well with 
the experimental change. 


Nuclear reactor fuel synthesis 

At Battelle we have been interested 
in pressure in two ways, both as a 
tool for synthesis and as a means of 
investigating basic properties of the 
solid state. In the area of synthesis, 
we have been concerned with the 
potential capabilities of pressure in 
the production of new materials, in 
particular, those materials of interest 
as nuclear reactor fuel elements. One 
of the most promising of these for 
high-temperature reactor service is 
This is a stable refractory 
under neutral or reducing environ- 
ment and is capable of forming a 
dense homogeneous ceramic body 
with excellent nuclear properties. It is 
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unstable in an oxidizing atmosphere 
at elevated oxidizing to 
a marked increase in 

ume and consequent spalling. The 
U,O, itself is not satisfactory ir high- 
temperature reactor use because of its 
high volatility. Obviously, it would be 
desirable either to produce a new 
compound phase in which the ura- 
nium is hexavalent, or to stabilize 
the UO, fluorite structure by solid 
solution additive, to it oxidation 
of the uranium without change in 
phase. Both methods have been tried 
at ambient pressure with limited suc- 
cess. Clearly, one should consider 
whether pressure, as another process 
variable, could assist in either method. 

The effect of pressure in formin 
new compounds is being studied 
For example, at ambient pressure 
BeO and either UO, or U,O, do not 
form a compound phase; apparently 
the relative valence and ion sizes are 
not favorable. The possibility of this 
reaction at pressures to 50,000 atm. 
was tested without success. Experi- 
ments of this type, using component 
oxides with more favorable ion sizes, 
are being carried out at higher pres- 
sures in the new die assembly. 

The possibility of stabilizing the 
fluorite structure of UO, against oxi- 
dation, by addition of other oxides in 
solid solution, is a very intriguing one 
which has been explored rather 
thoroughly. The principle involves 
substitution of a metal ion of low 
valence for some of the U** ion in the 
the fluorite lattice, forming an oxygen 
deficient structure in which oxidation 
can occur without subsequent phase 
transformation. through 
valence compensation has been ac- 
complished at ordinary pressure under 
very restricted conditions of ion-size 
matching, For example, Y,O, and 
La,O, form solid solutions with both 
UO, and U,0,, while Sc,O,, although 
forming a solid solution with U,O,, 
does not react at ordinary pressure 
with UO,. The reason is apparentl 
due to the ion size of Sc**, whi 
matches closely that of U**, but is 
much smaller than U**. This is obvi- 


Sce,0,. Preliminary results indicate 
that this is indeed the case; a cubic 
solid solution phase having a lattice 
parameter reduced from that of UO, 
was detected in the uct of a run 
made at 30,000 atm. and 1000°C. 
Further work is in progress in this 


area. 

There is some hope that the obser- 
vation of phase changes under pres- 
sure will not be rare occurrences. For 
example, a new modification of U,O, 
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has been obtained under pressure. Its 
crystal structure has not yet been de- 
termined although X-ray diffraction 
patterns have been obtained and 
a reveals its composition to be 
nearly stoichiometric U,O,. The new 
phase is metastable at room tempera- 
ture. 


Aside from applications to synthe- 
sis, high-pressure research has been 
employed effectively in studies of the 
properties of solids. Such studies have 
included the measurements of the 
effect of pressure on electrical con- 
ductivity, X-ray diffraction, nuclear 
magnetic resonance, and optical 

ion of suitable materials. At 
Battelle we have started to measure 
the thermoelectric power and resis- 
tivity of semiconducting oxides in the 
pressure devices. Significant differ- 
ences have been observed. An appre- 
ciable decrease in thermoelectric 
power with increased pressure was 
observed with NiO while no change 
occurred in Cu,O. These differences 
are not explained; however, it is be- 
lieved that pressure can induce 
changes in the form of a broadening 
of the electronic energy-band struc- 
ture of the solid. The broadening 
would be expected to result in a de- 
crease of the energy gap between the 
valence and conduction bands, and 
thus an increase in electrical conduc- 
tivity. 

According to theoretical calcula- 
tions, it has been predicted that all 
materials will become metallic at 
sufficiently high pressure; for hydro- 
gen and helium the calculated pres- 
sures are 5 & 10° and 2 * 10° atm. 
respectively. In the limited range of 
pressure employed to date, increased 
conductivity with pressure has been 
observed in some, but not in all cases. 
In germanium, Bridgman found that 
the conductivity decreased to 50,000 
atm. and then increased, suggesting a 
complex mechanism, Other materials 
may show a similar inversion at suffi- 
ciently high pressure. Much more 
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data are needed on the effect of pres- 
sure on the properties of solids to 
assist in a better understanding of 
the nature of the solid state. 


Conclusions 

It is evident from the accomplish- 
ments to date that ultrahigh pressure 
should become an important tool in 
synthesis of new materials by promot- 
ing transformations and reactions in 
solids. As the pressure and tempera- 
ture capabilities of the apparatus are 
improved, there is little doubt that 
new materials having unique a 
ties will be synthesized. Under these 
conditions the new products should 
possess higher density, hardness or 
may hope for improved abrasives 
pe hen ra There is also the possi- 
bility of development of new and 
exotic compounds or compositions for 
use as nuclear reactor fuels. In the 
field of organic, as well as inorganic, 
chemistry, the potentialities are equal- 
ly promising. The utility of relatively 
modest pressures in —— parallel 
alignment and crosslinking has been 
well demonstrated; it is easily possible 
to project our reasoning to the dis- 
covery of stronger, denser, and harder 
plastics, and to the preparation of 
new and more complex compounds. 

Geochemical will un- 
doubtedly be explored thoroughly, 
and materials such as 
semiprecious gems ma syn 
Present indications are that an- 
other fruitful application will be the 
study of geochemical reactions to 
assist in understanding the processes 
that occur in nature. The use of = 
sure as a thermodynamic variable in 
studying geochemical and geophysical 


is but one of the many possi- 
bie applications of this technique to 
fundamental studies, in particular, of 
the solid state. Indeed, investigations 
of the effect of pressure on the physi- 
cal properties of the solid state ma 
contribute heavily to our basic know!- 
edge of solids. There will be con- 
tinued refinement of the techniques 
for measuring such properties as con- 
ductivity, thermoelectric power, opti- 
cal properties; and methods will 
surely be found for observing other 
physical phenomena. 

All of the above applications, 
whether for fundamental studies or 
for chemical synthesis, will require 
the continued development of im- 

roved “hardware” and apparatus. 
uch development of technique must 
proceed apace with the applications 
research and will serve to broaden the 
over-all potentialities of ultrahigh 
pressure research. 
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If you never heard of a CONVACTOR, do not be surprised. 

It is an entirely new design of special condensing tower 3 
which offers important advantages in some processes. 

In the refining of edible oils it recovers fatty acids, most of 
which were formerly waste. It offers the additional advan- 
tage of totally eliminating stream pollution from this 
source or the expense of cleaning cooling towers which F 
collect such deposits. It has similar application in fatty acid 
stills, some other types of distillation processes, dryers, [| 
and other large vacuum processing units. B) 
The CONVACTOR is a combination of two condensers and [J 
a vacuum cooling chamber. One condenser is of conven- 7 
tional barometric design, the other a highly improved & 
condenser working on the jet principle. The latter con- & 
denses the vapor from the process and discharges directly 
into the vacuum cooling compartment where the heat of 
condensation is immediately removed. The cold water is 
then recirculated through the same jet condenser. The 
flashed vapor from the cooling operation is condensed in 

a conventional barometric condenser using water from a 
river, cooling tower or other industrial source. Periodic FLASH CHAMBER 
blow-down or continuous bleed-off from the flash chamber 4 
permits recovery. Several large industrial installations have 


been made. 
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Typical control panel at Union Carbide’s Institute Plant has over 100 Foxboro Consotrol* indicators, recorders, and controllers. 


for Union Carbide's Institute Plant...rapid, 


A sprawling chemical metropolis, stretching as far as the 
eye can see. That’s Union Carbide Chemicals Company’s 
Institute, West Virginia plant — producer of Ucont 
Fluorocarbon propellants and refrigerants. 

Foxboro instrumentation is used to help control 20 of 
the different processing units at the Institute Plant. Over 
10,000 Foxboro indicators, controllers, recorders, and 


transmitters are used, as well as thousands of Foxboro 
control valves. 

Union Carbide reports favorably on their Foxboro 
instruments. “In general, we find them easy to work on, 
easy to repair, easy to maintain.” And the company adds, 
“we appreciate the ability of the Foxboro engineers who 
work with us.” 


"Reg. Pat. OF. 
+ Trade-mark of Union Carbide Corp. 


For more information, turn to Data Service card, circle No. 14 
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sensitive Foxboro control 


You'll like working with Foxboro, too. Unsurpassed 
instrumentation, both pneumatic and electronic; unsur- 
passed engineering and service. Ask your local Foxboro 
Field Engineer for the complete story. Or write for 
Bulletin 13-18. The Foxboro Company, 938 Neponset 
Avenue, Foxboro, Massachusetts. 


Process is hydraulic — requires fast, sensitive instrument response. 
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Lab analysis is done right in the control room of 
this Carbide processing unit. Necessary process 
adjustments can be made on Foxboro controllers 
the minute technician detects the need. 
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Extrusion dryer turns out 
low-ash SBR rubber 


Production-scale unit at Institute, W. Va., plant of 


Goodrich-Gulf reduces cycle 


A LARGE PRODUCTION-SCALE extrusion 
dryer of original design is now turn- 
ing out low-ash SBR polymers at the 
Institute, West Virginia, plant of 
Goodrich-Gulf Chemicals. Under de- 
velopment since 1954, the 50-ton, 
40-foot-long unit has a design capa- 
city of 6,000-8,000 pounds per hour. 

The new dryer, shown schematically 
in Figure 1, is powered by an 800 
horsepower induction motor coupled 
through a clutch to a transmission 
which, in turn, powers a conical 
screw 4 feet long, tapering from a 
head diameter of 36 inches to a base 
diameter of 12 inches. 

Wet crumb rubber from the leach- 
ing tanks passes over a vibratory 
screen, through a feed box, and into 
the conical screw section. This screw, 
operating at a maximum of 55.5 rev./ 
min., pushes the wet rubber down 


CONVENTIONAL 3 PASS DRYER 


time, ups product quality. 


the flights of the screw to an adjust- 
able sliding cylinder valve. Under 
normal operating conditions, tolerances 
between the screw threads and the 
liner are held at 0.040 inch on each 
side. As the wet rubber is compressed 
by the conical-flighted screw at the 
valve, pressure builds up and the 
water is queezed out of the rubber. 
The water flows out through the 
opening in the bottom of the conical 
section, carrying with it the water- 
soluble salts. Approximately 80% of 
the total moisture content is squeezed 
from the crumb rubber in this 4-foot 
conical section, in which the cycle 
time is 2 minutes. 


Vacuum chambers 

Linked to the end of the 
screw, and beyond the valve, is a 
straight, 12-inch diameter, 22-foot 


DEWATERING 


STOCK BREAKER, 


CEWATERING 
SCREEN 


long multiflight screw which moves 
ough a series of three 
vacuum chambers. 

At the junction of the tapered screw 
and the main conveyor screw is an 
adjustable sliding-cylinder valve which 
adjusts the tolerances between the 
bevelled bearing surfaces of the coni- 
cal screw at its discharge end and the 
bevelled surface of the sliding valve; 
this action the pressure at 
which the rubber is worked. (The 
tolerance must be adjustable, so that 
the machine can process a variety of 
polymers). The rubber flows through 
the valve in a sheet equivalent in 
thickness to the valve settings. 

On the main conveyor screw, the 
rubber is carried through the three 
vacuum chambers, where the remain- 
ing moisture is flashed off. When it 
leaves the last vacuum chamber, its 
moisture content is at or below the 
standard specification of 0.5%. The 
vacuum in all three chambers is held 
at or below 27 mm. Hg. 

When the rubber 
vacuum chamber, it is forced by the 
conveyor screw through a r *pel- 
leting die, which marks the end of the 
extrusion dryer. The outside of the 
die is swept continuously with a rota- 
ting, double-bladed knife which slices 
off the strands of dry rubber emerging 
from the die. The material is 
cooled, baled, and readied for ship- 
ment. 

Temperature contro! essential 
The screw section is cored to per- 
continued on page 82 
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Figure 1. Schematic diagram comparing conventional 3-pass 
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forced air dryerwith new extrusion dryer. 
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depend on 
Chempump 


to give you 


SAFER HANDLING TOXIC FLUIDS 


Chempump—the first canned pump—completely eliminates 
dangerous leakage of chlorine, mercaptans, amines, nitric acid and 
all other toxic fluids. Chempump is absolutely leakproof, because 
it’s totally enclosed. There are no seals, no stuffing box, 

no “‘O” rings—no chance for hazardous vapors, 

contamination or waste. 


External lubrication is never required, as bearings are lubricated by 
the pumped fluid itself. Bearings are easily changed without 
breaking pipeline connections. Special designs and materials 
available for handling fluids with pressures to 5000 psi 

. .. temperatures to 1000°F . . . capacities to 600 GPM. Water or 
steam jackets available to insure proper operation in many special 
applications. Most models UL approved. 


These and other Chempump advantages could well be the answer 
to safe, efficient and economical handling of your “difficult” fluids. 
Write now for composite bulletin 1100, Chempump Division 
Fostoria Corporation, Buck and County Line Roads, 

Huntingdon Valley, Pennsylvania. 


CHEMPUMP 


first in the field ... process proved 
For more information, turn to Data Service cord, circle No. 24 
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LABORATORY OVENS in temper- = 
ature ranges 500°F.—650°F. 
850°F. equipped with accurate 
temperature controls, designed 
for work chamber uniformity. 
Available in all sizes, floor and 
bench models. Built for use with 
most liquids, gases and volatile 
solids to the specifications of 
the National Board of Fire 
Underwriters Standards. 


U 


PRODUCTION OVENS — batch type, tray, truck or 
monorail loading. These Despatch Ovens are 
constructed to provide reliable heat control 
throughout work chamber. Equipped with same 
total instrumentation provi in laboratory 
ovens. Same work chamber uniformity guaran- 
teed. Extra heavy construction for maximum 
loading. safety systems, electric or 
gas heat (oil, steam or hot water systems 
available). All standard sizes aipese complete- 
ly assembled. For production baking, curing, 

ing, preheating investigate a Despatch Oven. 


Write today for complete specification bulletin or 
for our engineering representative. No obligation. 


For more information, turn to Data Service card, circle No. 26 
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Laboratory control achieved with 


batch type Chemical Dryers 


DESPATCH OVEN COMPANY «© Deporiment 100 
611 S. E. 8th Street © Minneapolis, Minn. 


Extrusion dryer 
from page 80 


mit heating and cooling; under nor- 
mal conditions, maximum operating 
temperature of this unit is 220°F. In 
addition, the machine has several 
jacketed sections, so that temperature 
may be varied at different points in 
the process. The feed section is gen- 
erally held at 140°F, while the tem- 

ature in the conical section varies 
rom 150° to 200°F. The vacuum 
chambers are at 250°, while tempera- 
tures in the barrel and end sections 
drop to from 80 to 100°F. 


Cycle time cut 

Entire cycle time in the new unit, 
from the time the wet rubber enters 
the feed box until it passes through 
the pelleting die, is from 5 to 10 min- 
utes. This contrasts with a cycle time 
of approximately 2 hours with conven- 
tional drying equipment based on a 


Figure 2. Side view of extruder dryer 
showing dewatering screen and crumb 
trap. 


three-pass hot air dryer (also illus- 
trated in Figure 1). 

Further advantage claimed for the 
new method is low ash content in 
the finished product. When drying is 
by evaporation, as in the conventional 
process, the amount of inorganic im- 
purities in the product remains com- 
paratively high, often making the 
unsuitable for electrical, ad- 
esive, and other specialty uses. Ash 
in polymer is said also to affect cure 
rate, water sensitivity, and insulating 


properties. 


Market potential 

While the new drying unit at In- 
stitute is in regular production, Good- 
rich-Gulf still describes it as in “an 
advanced stage of development,” does 
not yet regard extrusion drying as a 
replacement for air drying in all appli- 
cations. Much work, according to the 
company, remains to be done in the 
area of customer evaluation of extru- 
sion-dried SBR. * 
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: American Motors Fights Corrosion 


with INDUSTRIAL Test Cabinets 


Cass ‘est 


@ Neutral Salt Fog 


@ Humidity Test 


Rigid accelerated corrosion tests show reliability of Type 411 Cabinets 


Corrosion resistance comes under conscientious con- 
trol at American Motors. Typical of their emphasis 
on serviceability and long life for the RAMBLER 
product is their attention to the environmental test- 
ing of plated and painted parts. 

Among recent test equipment additions to their 
production test facility at Kenosha, Wisconsin, were 
three of our new Type 411 Corrosion Test Cabinets. 
Particularly suitable for this auto manufacturer’s 
needs, Type 411 is versatile enough to meet all the 
essential requirements for neutral salt fog, humidity 
and “‘Cass”’ corrosion tests. 

The vulcanized, rubber-lined cabinet is of double 


wall construction to provide uniform temperature 
within the test area. All saturation and heating 
processes are under positive control. Relative humid- 
ities of 95 to 100% from ambient temperatures to 
125° are routine. 

Close cooperation with government and the mili- 
tary; ASTM, AES, and conformity to most federal 
and commercial requirements, specifications and pro- 
cedures have placed the new INDUSTRIAL Type 
411 Test Cabinets in demand... 
wherever environmental simulation 
and accelerated corrosion tests serve 
improved quality control standards. 


SEND FOR NEW LITERATURE 


INDUSTRIAL FILTER & PUMP MFG. CO. 
5910 Ogden Ave., Cicero 5O, Illinois 
PRESSURE FILTERS ¢ ION EXCHANGERS * CORROSION TEST CABINETS * PUMPS * WATER & WASTE-TREATING EQUIPMENT 


For more information, turn te Data Service card, circle No. 6 
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If your company’s processes 
involve the handling of 
materials that are dry, free 
flowing, pulverized, granular 
or pellet type, you'll 

find this bulletin 

interesting and informative. 
It describes SPENCER 
pneumatic conveying 
systems (stationary 

and portable)... 

contains diagrams of typical 
systems... illustrates representative 
applications... itemizes 

the advantages of conveying pneumatically. 


REQUEST BULLETIN NO. 143-B. 


“ SPENCER 


TURBINE COMPANY 
-HARTFORD 6. CONNECTICUT 


For more information, turn to Data Service card, circle No. 25 
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industrial 
news 


Joint Automatic 
Control Conference 


Theory and application of auto- 
matic control to be featured at 
four-day joint meeting at Cam- 
bridge, Mass., September 6-9. 


KRESGE AUDITORIUM IN Cambridge, 
Mass., (MIT) will be the scene of 
1960 Joint Automatic Control Con- 
ference, jointly sponsored by ASME, 
A.LCh.E., AIEE, ISA, IRE. This 
year's host society is ASME. (None 
of the participating societies will hold 
any other national conferences on con- 
trol this year, except as part of their 
national meetings). An outline of the 
program follows: 

Wednesday, September 7 


Switching 
Chemical Process Dynamics 
New Techniques in Control System 
Theory 
Dynamic Testing of Components 
and Systems 
General Papers (2 sessions) 
Thursday, September 8 
Adaptive Control 
Selected Papers on Automatic Con- 
trol 
Control Components (2 sessions) 
Synthesis of Digi- 
tal Computer Control Systems 
General Papers (1 session) 
Report on First IFAC C 
Moscow, USSR, June 27-July 2, 
1960 
Friday, September 9 
Special Topics 
Case Histories and Computers for 
On-Line Control Systems 
Panel Discusson—Automatic Con- 
trol Education 
Nonlinear Systems 
Optimum Control of Chemical Pro- 
cesses 


A carbon black manufacturing plant 
now under construction in Durgapur, 
India, will be owned by Phillips Car- 
bon Black, Ltd. The 22 million 
pounds a year capacity plant will use 
the Phillips Petroleum furnace black 
process, with coal tar distillates as 
feed stock. Phillips Petroleum and 
Duncan Bros., Calcutta, each own 30 
percent of the company stock. The 
remaining 40 percent was subscribed 
by private investors. 


For more information, circle No. 76 > 
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JET ENGINE TURBINE WHEEL 
MADE OF A-286 MATE- 
RIAL WEIGHING ABOUT 13 
POUNDS—FILLS ONE OF TO- 
DAY'S MOST DEMANDING 
APPLICATIONS FOR A PRE- 
CISION MEMBER. 


IN INCHES 


13,000 POUND THROTTLE VALVE BODY 
MADE OF CHROME MOLY MATERIAL FOR 
HIGH TEMPERATURE, HIGH PRESSURE 
APPLICATION. 


EXTREME SERVICE COMPONENTS FOR JET ENGINES, GUIDED MISSILES AND NUCLEAR POWER PLANTS 
REFRACTORY MATERIALS FOR SERVICE TEMPERATURES TO 5000° F—EXOTIC METALS AND MANY OTHERS. 


CAMERON'S NEW VIEW 
OF FERROUS FORGINGS 


Cameron forgings are not like 
other forgings. In the tradi- 
tion-bound world of metal 
working they possess new 
properties, better quality and 
unusual shapes. They have 
opened new design vistas 
when high stress, high tem- 
perature or large intricate 
components were a concern. 
In less demanding applica- 
tions also, benefits have made 
their appearance in the form 


of easier machining, less fab- 
rication and geater strength, 
resulting in less material and 
lighter weight. 

Cameron forging technique 
requires a complete opera- 
tion from molten steel to final 
inspection. Presses, furnaces 
and auxiliary equipment of 
our own design give com- 
plete quality control and in- 
dependence in production 
schedules. 

If Ferrous forging design, 
produceability or purchase is 
your responsibility and un- 
usual demands—economic or 


physical are your problem, 
write, call (Houston OVer- 
land 6-5511) or come by. 
Over ten years of successful 
case histories and a staff of 
competent specialists will 
give you a new view—help 
you get the most for your 
forging dollars. 


IRON WORKS, INC. 


SPECIAL PRODUCTS DIVISION 
P. O. Box 1212, Houston 1, Texas 
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COMPUTER 
PROGRAM 


abstracts 


The Machine Computation Committee of the A.I.Ch.E. is interested 
in receiving program abstracts for publication as part of its program 
interchange activity. Details of this activity are given in the Guide 
to Abstracts and Manuals for Computer Program Interchange, 
which has just been revised based on experience during the first 
year the interchange has been functioning. Copies of the new 
Guide are available at no cost from the A.I.Ch.E. in New York. 
Once again the Committee wishes to emphasize the three rules 
for participation in the interchange program: 
1) Abstracts submitted for publication must follow the form shown 
in the Guide. 
2) The submitter of the abstract agrees to make available for publi- 
cation a program manual, prepared as described in the Guide, 
should sufficient interest develop. 
8) Abstracts for publication, and all questions concerning published 


abstracts, must 
c/o A.I.Ch.E. 


sent to the Machine Computation Committee 


Two manuals are now available: Line Sizing and Liquid-Liquid Heat 
Exchanger Design. The latter is described July - 161. Scheduled for 
s 


completion before the end of the year are manu 


on Multicomponent 


Distillation (Abstract 020), Nonlinear Estimation (016), Piping Flexibility 
(002), and Plate-to-Plate Distillation Procedure (017). 


Polynominal equation fitting (033). 


W. L. Dieckmann 
Mathematical Services Group 
California Research Corporation 
Richmond, California 


Description: This program computes 
the coefficients of a polynominal equa- 
tion of the form: 
Y=C,+C,X+C,X?+C,X* + ..C,X" 
given a number of data points equal 
to n + 1. Equations as high as the 
nineteenth degree can be handled. 
The program is not restricted to equal 
intervals for the data points. If de- 
sired, back-solutions for other values 
of X may be obtained. 
Computer: Datatron 205, 4000 words 
storage, card input and output, and 
floating point unit. 
Program Language: Datatron 205 Ma- 
chine Code. 
Running Time: Running time depends 
upon the degree of the polynominal 
uation. For a fifth degree equation 
(including back-solutions), about four 
minutes is required. 
Availability; A manual will be pre- 
pared for publication if sufficient in- 
terest 
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Calculation of Zimm Plot for de- 
termination of polymer molecular 
weight from light scattering data 
(046). 

William I. Martin, john J. Killoran 
Koppers Company, Inc. 

Verona Research Center 

Box 128, Verona, Penna. 


Description: This program calculates 
the Zimm plot points (He/rvs sin* 
+ Ke) used in determining the mole- 
cular weight of a polymer from light 


scattering data obtained on a Brice- 
Phoenix Universal Light Scattering 


SOURCE FILTER DETECTOR 


Photometer. The method is straight 
forward and follows formulas of Brice, 
Halwer and Speiser (J. Optical Soc. 
of America, 40, P. 768, 1950) which 
includes the modification for turbidity 
measurements and non-polarized light. 


Computer: IBM 650 Basic. 

Program Language: SOAP -}- SIR 
Running Time: Less than three min- 
utes to calculate points for ten angles 
at five concentrations. 

Availability: A manual will be pre- 
pared for publication if sufficient in- 
terest develops. 


Polymer molecular weight distribu- 
tion from weight average and 
number average molecular 
weights of fractions (056). 


Shell Chemicai Company 
Plastics and Resins Division 
Houston, Texas 


Description: This age calculates 
the composite molecular weight dis- 


tribution according to the method of 


Beall' from the weight average and 
number average molecular weight of 
from 1-20 separate polymer fractions. 
Beall’s method of representing each 
polymer fraction by a binominal dis- 
tribution is used in the program. This 
method of calculation takes into ac- 
count both the asymmetry of distri- 
bution of the individual fractions and 
the overlap of molecular species con- 
tained in each fraction. 

Computer: Basic IBM 650 with al- 
phabetic attachment. 

Program Language: Modified Bell 
Interpretive System. 

Running Time: Ten minutes per 
fraction. 

Availability: A manual will be pre- 
pared for publication if sufficient in- 
terest 

‘Beall, G., J. Polymer Sei., 4, 488 (1949) 


continued on page 88 
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Low-cost IBM 1620 solves gasoline blending problem 
DETERMINES WHICH COMBINATION WILL RETURN THE MOST PROFIT 


The low-cost IBM 1620 Engineering Computer 
takes into account possible solutions to a 
blending problem and computes your most 
profitable operating plan. 

The IBM 1620 prints out a complete de- 
scription of its optimum solution, giving you 
the flow rates, unit severity levels and product 
compositions which should be used for the 
most profitable operation. Each variable in the 
system is accounted for, with complete cost 
ranges to indicate the sensitivity of your sys- 
tem to the initial cost and product data. 


Using linear programming techniques, the 
1620 adapts efficiently to changes in your 
system. These techniques will be made avail- 
able without cost to IBM customers later this 
year. This is another example of Balanced 
Data Processing . . . machines supported by 
complete services. For information about the 
IBM 1620 and the special advantages it offers 
for blending and other important petroleum 
applications, call your local IBM representa- 
tive. Like all IBM equipment, the 1620 com- 
puter may be purchased or leased. 


THE 18M 1620 is an economical, 
desk-size engineering computer 
with features previously found 
only in larger systems. it offers 
solid state design, magnetic core 
storage and high-speed internal 
computing performance. its ver- 
Satility and ease of operation 
recommend it for such petroleum 
industry applications as distilla- 
tion problems, unit correlations, 
evaluation of options and deter- 
mination of equipment efficiency. 


BALANCED DATA rrocessine BM 


Fer more information, turn to Data Service card, circle No. 94 
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Renneburg low 
temperature, 
variable 
inclination, 
rubber-tired, 
steam-heated 
DehydrO-Mat 
Dryer for 
ammonium 
nitrates and 
other hard-to- 
dry chemicals 
requiring long 
hold-up times. 


Renneburg 
stainless steel 
rotating steam- 
jacketed Batch 
Dryer with 
explosion-proof 
aluminum jacket 
for Rocket Fuel 
Program. 


SERVING THE 
PROCESS 
INDUSTRIES FOR 
OVER 80 YEARS 


KILNS + COMBUSTION EQUIPMENT + CALCINERS - FANS + COLLECTORS 
AIR POLLUTION CONTROL SYSTEMS + AMMONIATORS* + GRANULATORS* 
PUG MILLS EVAPORATORS + MIXERS ELEVATORS CONVEYORS ROASTERS 


*TVA Licensed Manufacturer 


Edw Renneburg & Sons Co. 


2639 BOSTON STREET, BALT 24, MD. 


For more information, turn to Data Service Card, circle No. 87 


Computer abstracts 
from page 86 


! Machine Computation 
Committee 


A.L.Ch.E. 
125 West 45th Street 
j New York 36, New York 


+ am interested in computer pro- 
ta manuals corresponding to the 
ollowing abstracts: 


Polynominal equation fitting 
| (033) 


1 Calculation of Zimm Plot for de- 
termination of polymer molecu- | 
lar weight from light scattering | 
data (046) | 


Polymer molecular weight die-| 
tribution from weight average | 
and number average molecular | 
weights of fractions (056) 


heck one of the boxes below: 
I plan to purchase copies of 
manuals checked after they 
published. 


| wish to place an order for one 
copy of each manual checked. 


! wish to place a blanket order | 
for one copy of each manual ; 
published by the A:LCh.E. 


O 


i! wish to place an order for one 
j COPY of the manuals now available. { 


10 No. 1. Line Sizing (Abstract! 
| . 006) | 


No. 2. Liquid-Liquid H Ex: 
qu (Ab ea 18) 


| & STATE 


Construction of a plant for producing 
rosin-based emulsifiers for synthetic 
rubber manufacture is planned by 
Hercules Powder. Location is in 
Australia, at Springvale, Victoria, near 
Melbourne. With production expect- 
ed to begin in 1961, agreement has 
already been reached for Australian 
Synthetic. Rubber Co. to use the 
emulsifiers. 


A controlling interest in the Dutch 
firm, Orgahell, N.V., recently acquired 
by Norwich Pharmacal, gives the U.S. 
company its first plant in Europe. 
They will manufacture nitrofuran 
chemicals at the Amsterdam, The 
Netherlands, location. 


88 August 1960 CHEMICAL ENGINEERING PROGRESS, (Vol. 56 No. 8) 


it 
Mt 
| 
\ 
| PROCESS EQUIPMENT 
for the Chemical Industry 
. for the Chemical Industry | ! 
: | > 
+ 
# 
4 
| 
ve 
DRYERS COMBINATION AMMON 
(Ayr & Steam) IATOR-GRANULATORS ‘ 
we > 
COOKERS REACTORS "PRESSES PILOT PLANTS 
| 
| 


[CEP 


Data 
ervice 


e FREE—Detailed technical 
data on products and services 


advertised this month. 


e PLUS—Carefully selected 
new offerings of free techni- 


cal literature. 


e IT’S EASY—Merely circle 
appropriate numbers on the 
Data Post Card, print your re- 


turn address and mail. 


ments. 


Numbers in bold face at end of item are to be 
circled on Data Post Card for more information. 
Numbers in parenthesis after subject designa- 
tion give the page on which the advertisement 
occurs. IFC, IBC, and OBC are cover advertise- 


e NO POSTAGE REQUIRED. 


U 
SUBJECT 


EQUIPMENT 


Agitation Test Kit (p. 8). Bu’etin 109 
from Chemineer gives details of Model 
ELB kit, versatile laboratory tool for 
bench-scale mixing, pilot plant deter- 
minations. Circle 13. 


Blenders, “‘Rota-Cone” (p. 111). Bro- 
chure “C” from Paul O. Abbe gives 
details of the “‘Rota-Cone”’ with inter- 
nal agitator. Circle 7. 


Centrifuges, pressure (p. 9). info from 
Baker-Perkins on the HS W Universal 
Pressure Centrifugal — operation at 
1,000 times gravity, internal pressures 
to 150 Ib./sq. in. Circle 84, 


Columns, extraction (p. 101). Bulletin 
T-1159 from General American Trans- 
portation gives full details of its RDC 
column. Circle 82. 


Comparators (p. 118). Handbook from 
W. A. Taylor discusses theory and ap- 
plications of pH control. Circle 35. 


Computer, engineering (p. 87). The 
1BM 1620 prints out complete descrip- 
tion of its optimum solution. Technical 
info from IBM. Circle 94. 


Condensers (p. 94). Bulletin 129 from 
Niagara Blower gives description, ca- 
pacities of the “Aero” vapor condenser. 
Circle 32. 


continued on page 90 


to advertised products and services 


MATERIALS 


Acetonitrile (p. 23). Detailed info from 
Union Carbide Chemicals on aceto- 
nitrile as an extractive distillation sol- 
vent. Circle 77. 


Alloy, casting (p. 105). Technical info 
from Duraloy on “HOM,” special high- 
nickel alloy for high-temperature cast- 
ings. Circle 46. 


Carbon, activated (p. 11). Design Guide 
Booklet gives basic design data for 
planning both liquid and vapor phase 
continuous column adsorptive systems. 
Pittsburgh Chemical Co. Circle 93. 


Chiorine (p. 19-20). New 28-page Book- 
let from U.S. Industrial Chemicals 
gives chemical and physical properties 
of chlorine, shipping and handling 
data. Circle 93-4. 


Defoamers, silicone (p. 92). Samples 
and new manual on foam control from 
Dow Corning. Circle 78. 


Dimethylthydrazine, unsymmetrical (p. 
19-20). info from U.S. Industrial Chem- 
icals on new joint venture with Food 
Machinery and Chemical for produc- 
tion of rocket fuels. Circle 93-2. 


Gases, compressed (p. 30). Catalog 
from the Matheson Co., Inc., gives full 
technical data and prices on 85 com- 
pressed gases. Circle 85-1. 
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Gases, compressed (p. 30). The Mathe- 
son Co., Inc., offers Wall Chart “Safe 
Handling of Compressed Gases.” Cir- 
cle 85-3. 

continued on page 90 


SERVICES 


Design and Construction, olefin plants 
(p. 31). Info from M. W. Kellogg on 
design, engineering, construction facili- 
ties. Circle 16. 


Design and Construction, process 
plants (p. IBC). Brochure 97/17 from 
Ralph M. Parsons. Circle 48. 


Fabrication, process equipment (p. 4). 
Bulletins HE and Ci from Downingtown 
Iron Works describe design and fabri- 
cation of chemical process equipment. 
Circle 98. 


Fabrication, process equipment (p. 88). 
Info from Edw. Renneburg & Sons on 
kilns, calciners, mixers, conveyors, 
other process equipment. Circle 87. 


Fabrication, process equipment (p. 
102). Info from Goslin-Birmingham 
Mfg. on evaporators, vacuum-rotary and 
drum dryers, filters, other process 
equipment. Circle 80. 


August 1960 89 


ADVERTISED PRODUCTS & SERVICES 


1 2 3 4 5 6 7 8 9 10 
11-2 11-3 11-4 12-1 12-2 13 14 #15 #16 
on 22 38 4334435 % 
3 9 40-3 40-4 41 42 43 44 45 
57 58 59 60 61 62 63 64 65 66 67 
“ao 7 71 72 74 
79 81 82 85-2 85-3 86 
8 89 91 92 93-1 93-2 93-393-4 94 95 
101 102 103 104 105 
107 108 109 110 


FREE TECHNICAL LITERATURE 


301 302 303 304 305 306 307 308 309 310 311 312 313 314 315 


316 317 318 319 320 321 322 323 324 325 326 327 328 329 330 
331 332 333 334 335 336 337 338 339 340 341 342 343 344 345 
346 347 348 349 350 351 352 353 354 355 356 357 358 359 3460 
361 362 363 364 365 366 367 368 369 370 371 372 373 374 375 
376 377 378 379 380 381 382 383 384 385 386 387 388 389 390 
391 392 393 394 395 396 397 398 399 400 401 402 403 404 405 
600 601 602 603 604 605 606 607 608 609 610 611 612 


Please enter my subscription to CEP 
One yr.) Two yrs.[] Three yrs. 
(see page 3 for rates) 


This card not valid after November 1960. 


| 


ADVERTISED PRODUCTS & SERVICES 


1 2 3 7 $ 6 7 8 


11-2 11-3 11-4 12-1122 13 14 OB 
19 20 21 22 23 2 2 
30 31 32 33 341 342 343344 35 36 7 
38 39 «40-1 40-2 40-3404 41 42 43 44 «45 
4 47 48 49 52 53 54 55 56 
68 69 70 71 72 73 74 75 7% 77 78 
79 80 81 82 83 84 85-1 85-2 85-3 86 87 
88 89 9 91 92 93-1 93-2 93-3934 94 95 
9% 97 98 99 100 101 102 103 104 105 106 
107 108 109 110 

FREE TECHNICAL LITERATURE 

301 302 303 304 305 306 307 308 309 310 311 312 313 314 315 

316 317 318 319 320 321 322 323 324 325 326 327 328 329 330 

331 332 333 334 335 336 337 338 339 340 341 342 343 344 345 

346 347 348 349 350 351 352 353 354 355 356 357 358 359 360 

361 262 363 364 365 366 367 368 369 370 371 372 373 374 375 

376 377 378 379 380 381 382 383 384 385 386 387 388 389 390 

391 392 393 394 395 396 397 398 399 400 401 402 403 404 405 

600 601 602 603 604 605 606 607 608 609 610 611 612 


Please enter my subscription to CEP 
One yr. Two yrs.) Three yrs. 
(see page 3 for rates) 


This card not valid after November 1960. 


> 
FOR MORE 
CIRCLE 
QUID 
| 
| 


2 


ISOM SZ 


ONIIINIONS TWOIWSHO 


YIOA MAN ‘QE MAN 
Aldaa SSINISONG 


WISP ISOM SZ 
TWOIWSHO 


MON ‘QE YOA MAN 
Aldaussanisnga 


CEP’S DATA SERVICE—Subject guide to advertised products and services 
CIRCLE CORRESPONDING NUMBERS ON DATA SERVICE CARD 


EQUIPMENT from page 89 


Condenser, tower-type (p. 77). Info 
from Croll-Reynolds on the “Convac- 
tor.” Circle 37. 


Conductivity Cells (p. 8). Catalog from 
Industrial Instruments, Inc. gives body 
material, physical range, conductivity 
range, electrode materials. Circle 3. 


Connections, pressure-vessel (p. 106). 
Info on special bolt flanges, cylinder 
extensions, reinforcing nozzles in 96- 
page Catalog from Lenape Hydraulic 
Pressing & Forging. Circle 100. 


Controls, pressure (p. 25). Technical 
info from Mercoid on 316 stainless 
Bourdon-tube pressure controls. Bulle- 
tin 019. Circie 10. 


Control Systems, visual (p. 110). Book- 
~ BE-30 from Graphic Systems. Circle 
1. 


Conveyors, pneumatic (p. 84). Bulletin 
143-B from Spencer Turbine gives dia- 
grams of typical systems, illustrative 
applications. Circle 25. 


Corrosion Test Cabinets (p. 83). For 
environmentai simulation and accelera- 
ted corrosion tests. Technical data from 
Industrial Filter & Pump Mfg. Circle 6. 


Crushers, jaw (p. 112). Eight models 
from 2 by 6 in. to 12 by 26 in. jaw 
opening. Bulletin 062 from Sturtevant 
Mill. Circle 40-1. 


Crushers, rotary fine (p. 112). Capaci- 
ties to 30 ton/hour. Bulletin 063 from 
Sturtevant Mill. Circle 40-2. 


Cylinder Valve Outlets (p. 30). Bulle- 
tin from the Matheson Co., Inc. Circle 
85-2. 


Detector, voids (p. 22). Technical data 
and Bulletin from Tinker & Rasor de- 
scribes the M-1 TR Holiday Detector 
for finding voids in protective coatings. 
Circle 21. 


Dryers, batch-type (p. 82). Complete 
Specification Bulletin from Despatch 
Oven Co. Circle 26. 


Dryers, flash (p. 18). One operation in 
single compact unit. Bulletin 82 from 
Combustion Engineering, Raymond Div. 
Circle 12-1. 


Dryers, fluidized-bed (p. 18). Complete 
technical info in Bulletin 88 from Com- 
bustion Engineering, Raymond Div. 
Circle 12-2. 


Dryers, pan-type (p. 118). Bulletin 351 
from Bethlehem Foundry & Machine. 
Circle 56. 


Extruders (p. 119). Technical data 
from Davis-Standard on design of pre- 
cision extrusion equipment. Circle 97. 


Filters, leaf-type (p. 104). Filtration 
Data Sheet from Buffalo Filters. Circle 
23. 
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Filters, vacuum (p. 26). High through- 
put, sharp separation, big volume. 
Info from Bird Machine. Circle 54. 


Forgings, ferrous (p. 85). Complete 
technical info from Cameron iron 
Works. Circle 76. 


Gas Generator (p. 109). For reducing, 
nitrogen, carbon dioxide, hydrogen, 
inert, and annealing atmospheres. Info 
from Gas Atmospheres, Inc. Circle 63. 


Grinding Mill, fluid-energy (p. 28). Info 
from Fluid Energy Processing & Equip- 
ment on the “‘Jet-O-Mizer” mill. Circle 
20. 


Heat Exchangers (p. 113). For wide 
range of temperatures and pressures, 
in all metals and alloys. Catalog from 
Engineers and Fabricators. Circle 2. 


Heat Exchangers (p. 125). Western 
Supply, Heat Exchanger Div., offers 
Booklet on “Engineering Specialties: 
A Challenge.” Circle 96. 


Heat Exchangers, air-cooled (p. 10). 
From simple water coolers to compli- 
cated process coolers and condensers. 
Technical info from Smithco Engineer- 
ing. Circle 81. 


Heat Exchangers, graphite, tube and 
shell (p. 29). Complete info from Falis 
Industries. Also 32-page Booklet “‘Data 
for Cost Estimation.” Circle 55. 


Heat Exchangers, plate-type (p. 7). 
Seven different types in total of 20 
sizes. Technical info from Chester- 
Jensen. Circle 49. 


Instruments, pneumatic & electronic 
(p. 78-79). Bulletin 13-18 from Foxboro 


gives complete story. Circle 14. 


Mills, cage (p. 117). For reduction of 
wet, sticky or gummy materials, as well 
as standard materials. Info from Sted- 
man Foundry and Machine. Circle 88. 


Mills, hammer (p. 112). Bulletin 084 
from Sturtevant Mill describes four 
swing-sledge mills, four hinged-hammer 
pulverizers. Circle 40-4. 


Mixers (p. 91). Complete data on pad- 
die and turbine types in Catalog A-19 
from Philadelphia Gear Corp. Circle 
106. 


Mixers (p. 108). Technical data from 
Gabb Special Products on new Model 
RL “Shear-Flow” portable mixer. Circle 
62. 


Mixers (p. OBC). Technical info on mix- 
ing problems from Mixing Equipment 
Co. Circle 39. 


Mixers, portable (p. 97). Ratings 1/20 
to 3 hp. Bulletin 530 from Eastern 
Industries. Circle 34-1. 


Mixers, side-entering (p. 97). Sizes 14 
to 30 hp. Bulletin 620 from Eastern 
industries. Circle 34-2. 


Mixers, top-entering (p. 97). Sizes 4 
to 10 hp. Bulletin 620 from Eastern 
industries. Circle 34-3. 


Mixers, turbine (p. 97). Range of % 
to 40 hp. Bulletin 1210 from Eastern 
industries. Circle 34-4. 


Nozzles, spray (p. 6). Catalog 24 from 
Spraying Systems (48-page) gives ref- 
erence data on thousands of nozzie 
designs and materials. Circle 18. 


Nozzles, spray (p. 96). Complete Cata- 
log from Monarch Mfg. Works. Circle 
60. 


Nozzles, spray (p. 114). Catalog 5900 
from Binks Mfg. gives applications, 
sizes, capacities, spray patterns, 
metals, selection tables. Circle 38. 


Packings, Pall Ring and Intalox saddles 
(p. 36). Packed tower performance info 
from U. S. Stoneware. Circle 108. 


Piping, polyethylene (p. 24). Sizes 1 
to 2 in., long coils. Bulletin CE-57 from 
American Hard Rubber. Circle 11-1. 


Piping, rigid PVC (p. 24). Schedules 
40, 80, 120, sizes 1% to 4 in. Threaded 
or socket-weld fittings. Valves 42 to 2 
in. Bulletin CE-56 from American Hard 
Rubber. Circle 11-2. 


Piping, Tefion-lined (p. 14). Complete 
systems for corrosive service. Tech- 
nical info from Resistoflex. Circle 42. 


Pulverizers (p. 32). Bulletin 51A from 
Pulverizing Machinery Div., Metals Dis- 
integrating, gives details of the “‘Mikro- 
Pulverizer,”” info on models and capa- 
cities. Circle 33. 


Pumps, canned (p. 81). Pressures to 
5,000 Ib/sq. in., temperatures to 
1,000°F, capacities to 600 gal./min. 
Composite Bulletin 1100 from Chem- 
pump. Circle 24. 

continued on page 92 


MATERIALS from page 89 


Packing, synthetic rubber (p. 93). Spe- 
cific data on heat and fluid resistance 
of Viton synthetic rubber available 
from du Pont, Elastomer Chemicals 
Dept. Circle 53. 


Polyethylene (p. 19-20). Data from 
U.S. Industrial Chemicals on use for 
insulators in nuclear weapons work. 
Circle 93-3. 


Sodium (p. 19-20). Technical Data 
Bulletin ‘‘Desulfurization of Benzene, 
Toluene, and Xylene by Sodium” from 
U.S. Industrial Chemicals. Circle 93-1. 
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YOU GET-MORE...WHEN 


IT’S A PHILADELPHIA MIXER! 


YOU GET MORE because Philadelphia Mixers are 
huskier. All components are heavier duty, higher 
capacity. 

YOU GET MORE because the integrated design of 
Philadelphia Mixer drive assemblies makes optimum use 
of the high quality and extra capacity of all components, 
Result: Improved mixer performance . . . longer mixer 
life . . . reduced maintenance costs. 


CASE IN POINT: Hundreds of Philadelphia Mixers 
installed at Toms River-Cincinnati Chemical Corpora- 


tion, major producer of dyes, have produced solid, over- 
the-years savings through rock bottom maintenance costs 
and 100% availability. This includes mixers with hori- 
zontal motor drives that solve headroom problems . . . 
mixers with vertical motor drives that simplify tank top 
piping arrangements . . . mixers with variable speed 
drives that meet changing process needs . . . and special 
mixers with push button controlled impeller raising and 
lowering devices. 

When you buy Philadelphia Mixers you get still 
another advantage . . . precision ground gearing in the 
mixer drives. This is a major advance in gear accuracy 
that means less wear, less vibration and reduced sound 
levels. 

Look into all the advantages of Philadelphia Mixers. 
Six standard models, 1 to 250 HP. Special units to 500 
HP. Horizontal or vertical motor drive. Mechanical seal 
or packed stuffing box. Paddle or turbine type impellers. 
For complete data, write for catalog A-19. 


philadelphia mixers 


PHILADELPHIA GEAR CORPORATION 
King of Prussia (Suburban Philadelphia), Pennsylvania 
Offices in all Principal Cities * Virginia Gear & Machine Corp., Lynchburg, Va. 
INDUSTRIAL GEARS & SPEED REDUCERS * LIMITORQUE VALVE CONTROLS © FLUID MIXERS © FLEXIBLE COUPLINGS 
For more information, turn to Data Service cord, circle No. 106 
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with Dow Corning 
Silicone Defoamers* 


There's a right tool for every job. In foam 
control it’s Dow Corning silicone anti- 
foamers or defoamers . . . job-proved 
thousands of times over as the most 
efficient, most economical, and most versa- 
tile foam suppressors available. 

* At prescribed levels, are sanctioned by FDA 


FREE SAMPLE 


and new manual on foam control 


Dow Corning! 


CORPORATION 
MIDLAND 


Dept.2008 


Please rush a FREE SAMPLE of a Dow Corning ! 
silicone defoamer for my product or process, 
which is (indicate if food, aqueous, oil or 


other): 


NAME 


COMPANY 


ADDRESS 


position 
i 


For more informetion, circle No. 78 
August 1960 
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EQUIPMENT from page 90 


Pumps, centrifugal, vertical shaft (p. 
115). Sizes 1 to 8 in., capacities to 
1,800 gal./min., heads to 100 ft. 
Pump Selector from Nagle Pumps. 
Circle 9. 


Pumps, gear, rubber-lined (p. 24). All 
wetted parts of acid-and wear-resistant 
hard rubber. Bulletin CE-55 from Amer- 
ican Hard Rubber. Circle 11-3. 


Pumps, rotary gear (p. 117). New Bul- 
letin G-1 from Schutte and Koerting 
gives full details on standard models. 
Circle 29. 


Pumps, screw-type (p. 107). Builetin 
206 from Warren Pumps on external 
gear and bearing screw pumps. Circle 


Pumps, sulfuric acid (p. IFC). Tech- 
nical data from Duriron on “Durco- 
pumps” with wet-end parts of Durimet- 
20, specially designed to handie sul- 
furic acid solutions. Bulletin P-4-100. 
Circle 45. 


(p. 116). Bulletin 2146 C 
from Illinois Testing Laboratories gives 
details of the “‘Alnor’’ pyrometer. Circle 
4. 


Regulators, pressure (p. 117). Full 
details in Bulletin C-95 from Fisher 
Governor. Circle 15. 


Rolls, crushing (p. 112). Eight sizes, 
rates to 87 ton/hour. Bulletin 065 
from Sturtevant Mill. Circle 40-3. 


Rotameters, armored (p. 103). Bulletin 
19A from Schutte and Koerting has 
full details of SK Metal-Tube (Armored) 
Rotameters. Circle 83. 


Rupture Discs (p. 115). Sizes from 1 
to 24 in., rupture pressures from 4 to 
850 Ib./sq. in. gauge at 72°F. Com- 
plete Catalog from Fike Metal Products. 
Circle 59. 


Screeners (p. 110). Technical data 
from Simon-Carter Co. rotary- 
motion machines of several different 
designs. Circle 17. 


Separators, entrainment (p. 97). Latest 
design guides in knitted wire entrain- 
ment separators in Bulletin ME-9 from 
Metal Textile. Circle 86. 


Sifters (p. 5). For single or multiple 
separations down to 325 mesh. Bulle- 
tin 503 from B. F. Gump describes 
the “Bar-Nun” sifter. Circle 79. 


Sulfur Burners (p. 112). Bulletin 100 
from Chemipulp Process Inc. describes 
the Chemipulp KC jet-type sulfur 
burner. Circle 5. 

Tanks, rubber-lined (p. 109). For safe 
storage of most corrosive liquids. Info 
a Gates Rubber Co. Sales Div. Circle 


Tanks, wood, polymer-lined (p. 116). 
For handling and storage of chemical 
solutions. Bulletins from Wendnagel. 
Circle 30. 


Telemetering Systems (p. 95). Bulle- 
tin from Vapor Recovery Systems 
describes new pu!se-code power gauge 
system. Circle 47. 


Valves (p. 119). Info from George W. 
Dah! on Series 4000 valves, six body 
types in % to ¥% in. NPT sizes. 
Circle 1. 

Valves, chemical (p. 24). Plastic or 
rubber-lined. 4% in. pet cocks to 24 in. 
gate valves. Info from American Hard 
Rubber. Circle 11-4. 


Valves, control (p. 34). Complete tech- 
nical info from Annin. Circle 36. 


Valves, control, large (p. 27). Bulletin 
CV-53 from Kieley & Mueller gives de- 
tails of Standard globe-type valves in 
20, 24, 30, and 36 in. sizes, larger 
on special order. Circle 44. 


Valves, gate, jacketed (p. 114). Cata- 
log J-50 from Hetherington & Berner 
gives details of new model with re- 
placeable seats. Circle 43. 


Valves, porcelain (p. 21). Catalog 567 
from Lapp Insulator has complete info 
on chemical porcelain. Circle 95 . 


Vessels, transport (p. 97). Wheeled 
vessel for handling liquids and semi- 
solids in batches from 50 to 150 gal- 
lons. Info from Hubbert. Circle 58. 


Water Treating Equipment (p. 117). 
Complete plants for demineralization, 
dealkalizing, clarification, silica, iron, 
and manganese removal, water soften- 
ing. Catalog from Hungerford & Terry. 
Circle 28. 


DEVELOPMENT OF THE MONTH 


FEEDWATER HEATER 
(Circle 602 on Data Post Card) 


The new feedwater heater (shown above) from 
Westinghouse Electric Corp. features a hemis- 
pherical inlet chamber and a new type of joint 
between tubes and tube sheet. 

The improved joint was developed in construc- 
tion of nuclear steam generators. The tubes are 
welded to a clad tube sheet that has a layer 
of nickel followed by additional layers of nickel- 
copper alloys weided on its surface (see photo 
above). 

continued on page 94 
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SEALING AGAINST SOLVENTS, CRUDE O/L, CRESOL, GASOLINE... 


VITON® PACKINGS UNHARMED BY 2 YEARS’ FLUID EXPOSURE 


With the reputation that Viton syn- 
thetic rubber has built for heat resist- 
ance (serviceable at 450° F. and up), 
engineers sometimes overlook the value 
of its outstanding performance in con- 
tact with fuels, oils, solvents and chem- 
icals. Here is an application* where 
fluid resistance was the only problem 
...and Vrron the only answer. 


In 1957, General American Trans- 

rtation Corporation installed a new 
fluid loading system at its tank farm 
in Galena Park, Texas. Swivel joints 
on the system required packings made 
of rubber. The problem: what rubber 
could handle crude oil, solvents, gaso- 
lines, cresol and sodium cresylate— 


* This case history from the E.astomenrs Nore- 
sook—subscription free on request. 


to mention just a few of the fluids in 
storage? The answer: Du Pont Vrron. 


For well over two years, packings 
made of Vrron, Du Pont’s new fluoro- 
elastomer, have been used in General 
American’s tank car loading system 
to handle more than 80 different 
fluids. A recent visual inspection re- 
vealed no swelling, no deterioration 
and not a trace of product leakage. 
What's more, every packing originally 
installed (72 in all) is still in service. 
Outstanding resistance to oils, fuels, 
solvents and chemicals, as well as to 
elevated temperatures, has helped 
Viron improve performance of refin- 


PONT 


S06. 5. pat. OFF 


ery valves, heat exchangers, pumps and 
a wide range of industrial equipment. 
Write for specific data on the heat and 
fluid resistance of this new elastomer. 
E. I. du Pont de Nemours & Co. (Inc.) 
Elastomer Chemicals Department 
CEP-8, Wilmington 98, Delaware. 


PROPERTIES OF VITON 


Hardness Range 

Tensile Strength 

Temperature Range 

Chemical Resistance 

On! Resistance 

Compression Set Resistance 

Ozone Resistance 

Flame Resistance 

Sunlight and Weather Resistance Very Good 
Abrasion Resistance Good 


SYNTHETIC RUBBER 
NEOPRENE HYPALON® VITON® ADIPRENE® 


Better Things for Better Living . . . through Chemistry 
For more information, turn to Data Service card, circle No. 53 
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Trustworthy 
“CLOSED-CIRCUIT” 
Cooling 


holds temperatures to close 
limits in entire processing column 


@ This Niagara “Aero” Vapor Con- 
denser produces constant tempera- 
tures, assures sustained capacity to 
this fractionating column, holding 
production and quality uniform. A 
closed system, it avoids fouling troub- 
les, holds temperatures within speci- 
fied limits at all points. 

It gives a higher vacuum than con- 
ventional type condensers, effectively 
separating the non-condensibles at 
the condensate outlet, with sub-cool- 
ing after separation. 

It produces this higher vacuum 
with use of less steam and power. It 
holds its full capacity with only a 
nominal consumption of water, using 
air as the cooling medium. It answers 
the question of water supply or dis- 
posal. 

Mounted directly on the steel struc- 
ture of the evaporator or distillation 
column, installation is simple, opera- 
tion is dependable, maintenance is 
neither troublesome or expensive. 
For description and capacities write 
for Bulletin 129. 


NIAGARA BLOWER COMPANY 


Dept. EP-8, 405 Lexington Avenue 
NEW YORK 17, N. Y. 


District Engineers in Principal Cities 
For more informatien, Circle No. 32 
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SUBJECT GUIDE 


EQUIPMENT 


301 Blowers, heavy-duty. Information 
describing advanced design of the new 
lobe-type rotary positive blowers and 
gas pumps from Sutorbilt Corp. 


302 Compressor, centrifugal. A 20- 
page Bulletin from Clark Bros. Co. in- 
troduces packaged air compressors for 
air separation plants. 


303 Computer. A 36-page Reference 
Manual presents detailed information 
for the general purpose digital comput- 
er pb 250 from Packard Bell Computer. 


304 Computer, refinery design. Report 
from Royal McBee Corp. describes how 
the LGP-30 handies complex material 
balances in plant design. 


305 Controller, temperature. Informa- 
tion from Alnor Instrument Co. de- 
scribes new, electronic on-off controller 
and pyrometric temperature indicator. 


306 Equipment. The 1960-61 General 
Catalog covering equipment for the 
process industries from General Ameri- 
can Transportation Corp. 

307 Equipment, dry processing. Booklet 
covers complete line of dry processing 
equipment from Sturtevant Mill Co. 


308 Equipment, meters, feeders, con- 
trols. A Bulletin from B-I-F Industries, 
Inc. provides capsule info about avail- 
able products and systems. 


309 Equipment, process. Bulletin 200-B 
describes complete line of process 
equipment and systems from Sprout, 
Waldron & Co., Inc. 


310 Equipment, process. Latest inven- 
tory list of process equipment from 
Perry Equip. Corp. 


311 Equipment, processing. Bulletin 
from Selas Corp. of America lists units 
for removing solids, liquids, or vapors 
from fluid systems. 


312 Exhaust System, plastic. Brochure 
describing exhaust systems made of 
PVC, polyethylene, polypropylene from 
Industrial Plastic Fabricators, Inc. 


314 Fans, centrifugal. New 60-page 
Bulletin from American-Standard de- 
scribes series of centrifugal-type airfoil 
bladed fans. 


315 Feeders. New Bulletin from Fuller 
Co. describes roll and vane-type feeders 
and rotary valves. 


316 Flow Meter. Details from Fischer 
& Porter Co. describes miniature flow 
meter designed for measuring low flow 
rates of liquids or gases. 


317 Fluid Meters, compensation. Liter- 
ature from Bailey Meter Co. describes 
electric and pneumatic systems which 

continued on page 96 


to free technical literature 
CIRCLE CORRESPONDING NUMBERS ON DATA SERVICE CARD 


MATERIALS 


349 Alkyd Resins. A 50-page Treatise 
entitied “The Story of Alkyd Resins” 
from the Brighton Corp. discusses 
processing and equipment. 


350 Calcium Carbide. New 16-page 
Brochure from National Carbide Co. 
features versatility of calcium carbide 
and its derivative, acetylene. 


351 Carbide Alloys. New 24-page Book- 
let from Kennametal Inc. illustrates 
over 75 uses of hard carbide alloys. 


352 Cement, heat transfer. Bulletin 
600 from Thermon Mfg. Co. describes 
heat transfer cement for electric resist- 
ance heaters. 


354 Ceramic Fibers. Data Sheet from 
The Carborundum Co. describes and 
gives applications for a castable form 
of ceramic fiber. 


355 Chemicals. A 36-page Catalog lists 
all chemical products available from 
Food Machinery and Chemical Corp. 


356 Chiorendic Acid. New 12-page Bul- 
letin gives specs, properties, reactions 
for “HET” acid for paints, coatings, 
etc. from Hooker Chemical Corp. 


357 Corrosion Inhibitor. Corrosion con- 
trol in cooling water systems using 
inhibitor compound from Calgon Co. is 
subject of new Builetin. 

continued on page 96 


SERVICES 


366 Computer Mathematics. New 16- 
page Technical Report details mathe- 
matical applications of DYSTAC com- 
puter from Computer Systems, Inc. 


367 Engineering Services. New 12-page 
Brochure describes service of Dorr- 
Oliver Inc. in development of a variety 
of plants on a world wide basis. 


368 Infrared Radiation. An 8-page 
Technical Bulletin from Fostoria Corp. 
discusses infrared source theories and 
laws, radiation theory, color blindness, 
etc. 


369 lon Exchange. A 7-page Technical 
Reprint from Naico Chemical Co. dis- 
cusses recent developments in water 
treatment processes. 


371 Thermocouples, reference table. 
Standard reference tables for thermo- 
couples are available with the comii- 
ments of the West Instrument Corp. 


372 Water Treatment. A 6-page Tech- 
nical Reprint from Nalco Chemical Co. 
considers scale, corrosion, microbiolog- 
ical growth in cooling water treatment. 
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ACCURACY-TO INCH OR’ BETTER IN GAUGING 


AND ELEMETERING | 


Varec combines its new DYNAMATIC* 8400 Series 
Power Driven Tank Gauge with the Varec Pulse Code to 
provide an accurate, reliable liquid level measurement/ 


ONLY THE VAREC SYSTEM 
OFFERS ALL THESE ADVANTAGES: 


telemetering system. The new system transmits data 
‘error-proof’ over a single communications channel... 
gives a reading accurate to 1/16 inch in just 5 seconds. 


Varec’s pulse code method of dots and dashes supplies a 
fast reading with a slow pulse rate of 5 pulses per second 
so the transmission channel is not critical. Wiring costs 


ACCURACY: Provides 1/16 in. gauging accuracy with new Power 
Driven Tank Gauge ...transmits ‘error-proof’ reading by pulse 
code. 

RELIABILITY: C ists of simp! pact electro-mechanical 
components ... needs no vacuum tubes or other complex elec- 
tronic equipment. 

FLEXIBILITY: Designed on a building block principle that per- 
mits unlimited variety of system arrangements such as tele- 
metering other measurements ...or adding remote control, data 


logging and alarm systems. 

ECONOMY: Requires just a simple transmission circuit...a 
metallic pair or a carrier derived channel operated over existing 
lines or microwave. Costs little more than conventional systems. 


EXPERIENCE: This highly accurate, reliable liquid tevel 
measurement/telemetering system offered by Varec, pioneers 
in the gauging field... over six years experience in pulse code 
applications. 


are reduced with a single transmission circuit between 
the remote selector and receiver. (For smaller installa- 
tions, a direct-wired system can be used instead of 
selectors.) 


Standard receivers are available in capacities of 10, 100, 
or 1000 point selection. 


For complete information, write for Bulletin CP 3707, Dept. 


CEP-1224-1. 


THE VAPOR RECOVERY SYSTEMS COMPANY 


2820 North Alameda Street + Compton, California 


Branches and Representatives in Principal Cities 
TRADE @ MARK 
For more information, turn to Data Service card, Circle No. 47 
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IQUID LEVEL DATA 

operator uses the dial (A) to contact selection point. 3 
fo transmits the data to a elec ‘or (0 = i= 
where it and displayed in digital for ‘©. 


Are your scrubbing nozzles as 
efficient as you think they could 
be? Do they resist corrosion or 
wear conditions satisfactorily — 
produce the breakup and dis- 
tribution you would like? 


Outline your spray problems for 
us. If your liquid can be sprayed 
with direct pressure — Monarch 
can furnish the nozzles. 


NOZZLES FOR: 
OIL ATOMIZING 
HUMIDIFYING 

AIR WASHING 
DESUPERHEATING 
SPRAY PONDS 
MILK POWDERING 
ACID CHAMBERS 
CONCRETE CURING 


Write for Catalog | 


WORKS, INC. 


GAUL STREET 
PHILADELPHIA 34, PA. 


For more information, Circle No. 60 
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EQUIPMENT from page 94 


compensate pressure and temperature 
variations. 


318 Heaters, immersion. Data from 
Dean Products, Inc. describes the 
double-embossed Panelcoil for immer- 
sion heating or cooling. 


323 Mass Spectrometer. Bulletin de- 
scribing new 21-130 medium-priced 
mass spectrometer from Consolidated 
Electrodynamics Corp. 


324 Pipeline Spacers. Data sheets with 
features, specs, installation tips for 
pipeline insulating spacers from Plico 
Div. of Moon Mfg. Co. 


325 Pressure Controls. Bulletin from 
The Mercoid Corp. describes general 
purpose, weather-proof, explosion proof 
316 stainless steel Bourdon tubes. 


326 Pumps, aluminum alloy. Informa- 
tion and flow curves available for alu- 
minum alloy centrifugal pumps from 
J. C. Carter Co. 


327 Pumps, ductile iron. Bulletin from 
Peerless Pump describes complete line 
of single and multi-stage horizontal 
pumps cast in ductile iron. 


329 Pyrometer, optical. New 6-page 
data Sheet describes complete line of 
pyrometers from Leeds & Northrup Co. 


330. Recuperator. Booklet discussing 
theory of recuperator fintubular heat 
transfer from Brown Thermal Products 
Corp. 

332 Relief Valves. Information for in- 
tegral relief valves for Warren screw or 
gear pumps from Warren Pumps, Inc. 


333 Sampler, automatic. Catalog de- 
scribes operating mechanism of machine 
for taking samples from continuous, 
wet or dry stream of material. Har- 
dinge Co., Inc. 


334 Separators. The 1960 Separator 
Catalog from Southwestern Eng. Co. 
shows applications of vibro-energy 
separator. 


336 Thermocouple, accessories. A new 
32-page Catalog lists complete line of 
thermocouple fittings, pressure sealing 
glands, and accessories from Conax 
Corp. 

337 Thermocouple Components. New 
28-page Catalog contains specifications 
for thermocouple assemblies from Min- 
neapolis-Honeywell Regulator Co. 


338 Tubes, gas transport and storage. 
Bulletin containing capacities and di- 
mensions of gas handling tubes from 
Harrisburg Steel Co. and Taylor- 
Wharton Co. 


339 Tubing. Twelve-page Catalog de- 
scribes capabilities of Uniform Tubes, 
Inc. in making fine tubing from alloys, 
ferrous and non-ferrous metals. 


342 Valves, aluminum armored. Details 
from Lapp Insulator Co. describes alu- 
minum armored porcelain valves. 


343 Valves, control. A 40-page specifi- 
cation Catalog from Hoffman-Odom Co. 
covers air contro! valves. 


344 Valves, control. Brochure from 
OPW-Jordan describes sliding gate dia- 
phragm control valves. 


345 Valves, corrosion resisting. Bulletin 
from Duriron Co., Inc. presents data for 
top and bottom lubricated plug valves. 


346 Valves, cylinder. A 16-page Cata- 
log describes complete line of cylinder 
valves from The Bastian-Blessing Co. 


347 Viscosimeter, electrical rotation. 
Details from Brinkmann Instruments, 
Inc. cover applications for new viscos- 
imeter for measuring viscosity of proc- 
ess streams. 


MATERIALS from page 94 


358 Lithium. Technical Data Sheet pre- 
sents chemistry of lithium and con- 
tains literature available from Foote 
Mineral Co. 


359 Packing. A packing Selection Chart 
helps select proper packing for specific 
industrial proceses. Raybesto-Manhat- 
tan, Inc. 


360 Plastic Coating. Data from Pfaud- 
ler Co. describes development of 
Penton spray coating technique. 


361 Plastics, moided laminated. Tech- 
nical Data on molded Formica lami- 
nated plastics available from Formica 
Corp. 


362 Polyalkylene Glycol. New 52-page 
Booklet presents new data, properties, 
uses of polyalkylene glycol fluids and 
lubricants. Union Carbide Chemical Co. 


364 Urethane Foams, mineral extend- 
ers. An 8-page Technical Report from 
Minerals & Chemicals Corp. of America 
discusses reduced costs and changed 
properties through use of inert mineral 
extender. 


365 Wax. A 16-page Brochure contains 
specifications for microcrystalline wax 
and resume of the Bareco Wax Co. 


A.1.Ch.E. Membership 


Brochure—“‘Know Your insti- 
tute’’—tells objective aim and 
benefits to chemical engineers 
who join this nation-wide organ- 
ization, includes membership 
blank. Circle number 600 on 
Data Post Card. 
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For more information, turn to Data Service card, circle No. 58 


Hemispherical Transport Vessels” 
for Liquid and Semi-Solid Handling 


ty HUBBERT 


Handy wheeled vessel 
for handling liquids 
and semi-solids 

in batches from 

50 to 150 gallons. 
Standard fabrication 
in Stainless Steel; 
custom made in 
Titanium, Monel. 
Send for details 

on Model H-W-C 


Craftsmen in Non-Corrosive Metals since 1903 


Baltimore 24, Maryland Cable Address: *‘Hubbert"’ 


To meet a wide variety of process 
requirements, Eastern offers a com- 
plete line from lightweight portables to 
heavy duty, fixed mounted, propeller and 
turbine mixers. Each type is available with 
choice of standard speeds, motor enclosures, 
mountings, and materials of construction. 

PORTABLE MIXERS with ratings 1/20 to 3H. P. are 
described in Bulletin 530. 


SIDE ENTERING § TOP ENTERING TURBINE MIXERS 
MIXERS MIXERS 
Handle the extra Designed for heavy- 
heavy-duty jobs in big duty applications re- H solves many 


tanks. Sizes 4 to 30 iring agitators from special mixing prob- 
H. P. Send for to 10 HP. Send Sond tr 


Bulletin 1210. 


EASTERN INDUSTRIES, INC. 


Mixer Division, Dept. M, Norwalk, Connecticut 


For more inforamtion, turn to Data Service card, circle No. 34 
CHEMICAL ENGINEERING PROGRESS, (Vol. 56, No. 8) 


No 
liquid carry-over 
problem 
is ever too great 


for 


In installation after installation...in all types of processing equip- 
ment —Metex mist eliminators are knocking back liquid entrain- 
ment...upping production...improving quality...cutting operating 
and maintenance costs. ® Your particular entrainment problem 
is no exception. For at Metal Textile we've been knitting low-cost 
answers to such problems since 1943. As the originators of knitted 
wire entrainment separators, Metal Textile has the engineering 
experience—and the research and production resources neces- 
sary to support that experience—to take on even the most diffi- 
cult liquid entrainment problems. Our engineering department 
stands ready to help you solve your particular problems with 
complete design assistance. For latest design guides, write or 
call for Bulletin ME-9: Metal Textile Corporation, Roselle, N. J. 


i] METAL TEXTILE CORPORATION 
4 ... world’s largest and oldest producer of knitted wire products 


‘4 A DIVISION OF GENERAL CABLE CORPORATION 
For more information, turn to Date Service card, circle No. 86 
August 97 
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Candidates 


A.1L.Ch.E. Offices 


PRESIDENT 
J. J. HEALY—tIn- 
dustrial Executive. 
Member of the 
Corporate Plan- 
ning Group, Mon- 
santo Chemical 
Co. ('58-); Merri- 
mac Chem. Co. 
('21-'29); Mon- 
santo Chemical 
Co. ('29-). Asst. 
to vice-pres. Re- 
search, Devel. & 
Engineering ('51-'56), Dir. of Develop- 
ment of Rsch. and Engineering Division 
('56-'57), Monsanto Chemical Co. In 
his present position on Monsanto's 
Corporate Planning Group, he is re- 
sponsible to the president for all 
phases of long range planning for the 
company. A.I.Ch.E.: Dir. ('48-'50) and 
('57-); chmn. ('48-'50) Local Sections 
Committee; Institute Representative on 
| Manpower Commission 
('54-'57); Committee ('57- 
"S8); Constitution & By-Laws Committee 
; Admissions Committee ('44- 
; active in local sections, was 
chmn., ('35) Boston Section. 


VICE-PRESIDENT 


Here are the brief biographical sketches and records 
of accomplishment of the candidates for the 1960 A.1.- 
Ch.E. national elections. Candidates have been chosen 


by the Nominating Committee (members listed on the 


for 


next page) unless otherwise designated as nominated 
by petition. Space does not permit the presentation 
of full details of these men’s careers, and additional 
details of their education and career are available on 
request from the Secretary's Office. Further nomina- 
tions by petition may be accepted until October 3, and 


any received will be announced with brief biographical 
data in the next available issue of CEP. Ballots will be 
mailed from the Secretary's Office in October. 


.. . nominated as officers for 1961 


TREASURER 
J. HENRY RUSH- 
TON — Educator, 
Consultant, Past- 
President ('57) and 
Treasurer ('58-) of 
A.1.Ch.E., Prof. 
chem. eng. ('55-) 
Purdue. Consult- 
ant, Dept. of De- 
fense, A.E.C. firms 
in petrol. & food 
indust.; tech. ad- 
visor, Mixing 
Co.; Prof. & . head ('37- 
of Va.; prof. dir. of dept. 
cae” 55), ili. Inst. Tech. Author: mixing 
scale-up, low-temp. operations, others. 
A.1.Ch. President ('57), vice-pres. 
('56), Dir. ('52-'54); chmn. Local Sect. 
Activ. Comm.; has been chmn. Student 
Chapters, Projects, Future of inst. 
Comms. Chicago Sect. dir. ('52-'55). 
Walker Award ('52). Mbr. A.S.E.E. (past 
mbr. Council, secy. ad hoc Comm. on 
Eval. Engrg. Educ.); Engineers Council 
for Professional Development (mbr. 
Educ. & Accred. Comm.); N. Y. - 
ists’ Club (past non-res. v.p.). 


SECRETARY 


Publisher and bus. 

mgr. ('55-) A.1.Ch. 

E.; editor of CEP 

"47-'55). A.1.Ch.- 

Founder of 

New Jersey Sec- 

tion; Awards 

Comm. ('47-); 

Hist. of the Institute Comm. ('53-'55); 
secy., 50th Anniv. Comm. ('55-’58); 
Admissions Comm.; Finance Comm. 
('55-); Nuclear Energy Comm. ('52- 
'57); Program Comm. ('47-); Publica- 
tions Comm. ('47-); Public Relations 
Comm. ('44-'55), chmn. ('44-'47); 
Standard System of Symbols and No- 
mencilature Comm. ('47); EJC Commit- 
tee of Secretaries; Member-Giving Com- 
mittee for the UEC; AEC Advisory Com- 
mittee on Industrial Information; mem- 
ber ASEE ('56); EJC-Atomic Energy 
Panel ('55-'56); American Documenta- 
tion Inst. (55-57); Who’s Who in En- 
gineering; Co-author of History of the 
Institute. Author of technical articles. 


of ('46-); 

Bd. of Trust. & 

chmn. Acad. 

Comm., Tri-State 

Coll. ('58-); Advis. 

Bd., Eng. Found., 

Univ. of Texas 

Sag. ); Advis. Bd., J. Chem. Ed.; Chmn. 

Pet. Ref. ('54-); Bd. Dir. 

Gulf pu. Co. ('53-); Advis. Bd. Chem. 

Eng. Prog. ('57-'58); Advis. Bd. Inter- 

science Pub. ('57-); Pres. Chemoil Con- 

sultants, Inc. ('58-); Member Bd. of 

Dir. of 5 companies. Author 75 tech. 

articles, 3 books. A.I.Ch.E.: Council 

(‘58-); Chmn. Membership Comm. ('54- 

'58); Chmn. Contrib. Comm. ('60); 

Vice-chmn. Ad Hoc Comm. ('59-'60); 

Symbols & Nomenclature Comm. ('56-); 

Accred. & Inspect. Comm. ('56-); i 

nating Comm. (58); A.I.Ch.E. . on 

ECPD Prof. Comm. (59-). Active h 

Texas Section, chmn. ('54).* Also nomi- 
nated by petition 
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W. R. MARSHALL, 
JR. — Educator, 
Consultant. Assoc. 
Dean, College of 
Engineering, Univ. 
of Wisconsin, and 
Assoc. Director, 
Engineering Exp. 
Station, Univ. of 
Wisconsin. 


Wisconsin; Professor and Assoc. 
('53-), Univ. of Wisconsin. Consultant 


As 
('47- Univ. of 
Dean 


to industry in drying, atomization, heat 
and mass transfer, and related topics. 
Co-author of text illustrating applica- 
tions of differential equations to chem- 
ical engineering problems; author of 
Drying section in Perry's Chemical En- 
gineering Handbook; author or co- 
author of over 30 technical 
A.1.Ch.E.: Dir. ('56-'58); served 

Equip. Testing Procedures i, 
Program Comm., Standards Comm., 
and Awards Comm.; best presentation 
award at 1950 Annual Mtg.; Institute 
Lecturer (‘52); Walker Award ('53); 
Professional Progress Award ('59). 


DONALD F. 
OTHMER®* — Edu- 
cator, Consultant. 
Professor and head 
Department. of 


nic 

Brooklyn, WN. Y. 

Consulting engin- 

eer to many U. S. 

and foreign com- 

panies; to United 

Nations; to U. S. Army (Chem. Corps, 
Ord. , Navy, of Interior, 
Dept. of State, foreign government 
on Author or co-author of over 
articles, many patents on unit 
operations, process design, application 
of thermodynamics & kinetics, etc. Co- 
editor Encycl. Chem. Tech.; 
Advis. Bd. s Chem. Eng. Hand- 
book; editor’ vidization, co-author 
Fluidization and Fluid Particle Systems. 
A.1.Ch.E.: Director ('56-'58); chmn. 
New York Sect. ('44); chmn. Tech. 
Prog. Comm., N.Y. meeting ('48); 
member many other committees; di- 
rector E.J.C. (‘57-'58); 1958 Stephen L. 
Ls Award, New York Section, A.l.- 

E.* Nominated by petition. 
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F. J. VAN ANT- 
WERPEN — Sec- 
tive Secretary of 
ALChE.  ('55-). 
eas JOHN J. McKET- 
TA* — Educator, 
Grad. prof. & 4 
x ‘ 
du Pont ('41-'47); ee 
— 
bers 
; 2 
"hag 


nominated 
as directors 
Jor three-year 
terms 
beginning 
1961 


THEODORE A. BURTIS 
Industrial Executive. 
President, Houdry Proc- 
ess Corp. ("56-); Chemical 


('47-'52). director of de- 
velopment (52), chief 
process engineer ('52-'55), 
associate manager, Re- 
search & Development 
Division Houdry Process Corp. ('55-'56). Au- 
thor of various technical papers, patents in 
petroleum refining. A.!.Ch.£.: Public Relations 
Comm. ('48-'59), chmn. ('58-'59); Admissions 
Comm. ('56-), vice-chmn. (60); ECPD Comm. 
on Recognition ('58-'59); Comm. on Institute 
Services (59). Philadelphia-Wilmington 6ec- 
tion ('48-'56), director, secretary, public re- 
lations chmn., program comm. chmn., Engi- 
neering & Technical Societies Council, PR 
chmn. Atlantic City Meeting ('51). 


JOHN W. CLEGG—In- 
dustrial Executive, Man- 
ager, Chemical Engineer- 
ing Department, Battelle 
Memorial Institute (°53-); 
Research engineer, du 
Pont ('41-'44); Research 
engineer ('44-'47), asst. 
chief (47-49), chief ('49- 
53), Chemical Enginerr- 
ing Division, Battelle 
Memoria! Institute; Lec- 
turer, Ohio State Univer- 
sity (50). Author of many 
technical articles and patents. one book 
istered Professional Engineer (Ohio). A.!.Ch.£.: 
Chmn. Central Ohio Section ('52); Technical 
program chmn., Columbus, Ohio, Meeting 
(50); Program Committee ('50-'51, ‘58-'59); 
Program Committee, Nuclear Science Congress 
(58); Chmn. Nuclear Engineering Division 
(59); Dynamic Objectives Committee ('60). 


HAROLD G. 


and head. Department of 
Chemical and Metallursgi- 
cal Engineering, Wayne 
State Univ., Detroit, 
Mich. Instr., Chem. Eng., 
Wayne State Univ. ('36- 
"37); Asst. dir. 


42), asst. professor ('42- 
assoc. professor ('46. 
‘51), professor (52-). Registered professiona) 
engineer (Mich.). Consultant to many indus- 


A.1.Ch.£.: Junior Activities Comm. ('46-'47); 
Professional Guidance Comm. (‘46-"51), chmn. 
(51-53); Comm. on Economic and Professional 
Status (48); Local Sect. Comm. ('49-'51); 
National rep. to ECPD Comm. on Professional) 
Training (53-55). Detroit Section, sec.-treas. 
te interim chmn. ('49). 


GERALD L. FARRAR*— 
Technical Editer, Edu- 
cator, Industrial Engin- 
eer. Engineering Editor 
(52-), Oil and Gas Jour- 
nal. Tulsa, Oklahoma. 
Assistant professor of 
chemica] engineering ('47- 
*50). associate professor 
of chemical engineering 
*50-'52), Agricultural and 
Mechanical College of 
Texas; Chemical engineer 
and engineering super- 
visor ('42-'47), Magnolia Petroleum Company 
and Socony-Vacuum Oi] Company. Licensed 
professional engineer (Texas). Has written 
more than fifty technical articles. holds 
patents. A.1.Ch.E.: Active in Institute affairs 
since 1942. Vice-chairman (58), chairman 
(38), Tulsa Section; assistant general chair- 
man, Tulsa Meeting (60); Public Relations 
Committee ('55-'57); Sections Activities Com- 
mittee (59); Nominating Committee ('60). 
*Nominated by petition. 


RAPHAEL KATZEN— 
Consultant. Pres. Raphael 
Katzen .ssociates Inter- 
national, Inc. (63-); 


'40). Northwood Chemical; 
Northwood res fellow 
('40-'42), Polytechnic Inst. 
of Brooklyn; Tech. super. 
(42-44) Diamond Alkali; 
Proj. eng. (44-50), asst. 
man. ('50-'52), man, (52- 
‘S3), Vulean Ens. Div. 
A...Ch.£.: Charter member, Cleveland & Ohio 
Valley Sect.; Treas., vice-chmn., chmn., Ohio 
Valley Sect. ('49-'52); Tech. prog. co-chmn.. 
Cincinnati Meeting (58); Distillation symp. 
chmn., Mexico City Meeting (60); A.LCh.E. 
rep. U.S. Commission for UNESCO (55); Local 
Sect. Comm. ('51-'54); Prof. Dev. Comm. ('53- 
56); Prog. Comm. (57-'59); Career Guidance 
Comm. ('53-'59), vice-chmn. (56), chmn. ('57- 
59); Stand. Comm. ('66-), chmn. Subcomm. on 
Distillation Tower Stand. ('58-). 


ROBERT J. McNALLY— 
industrial Executive. 
Vice-president, Garfield 
Chemical and Manufac- 
turing Corp. ('60-). 

ager ('59-'60). sales man- 
(57-59), Garfield 
Chemical and Manufac- 
turing Corp.; Assistant 
manager ('51-'57), Sul- 
furic Acid and Liquid 
Sulfur Dioxide Depart- 
ment, American Smelting 
and Refining Co.; Super- 
intendent (47-'51), assistant superintendent 
(45-47), production supervisor ('36-'45), Gen- 
eral Chemical Division, Allied Chemical Corp. 
A.A.Ch.£.: Pirst chairman ('55-'56), Great Salt 
Lake Section; Member of Executive Committee 
for four years; General chairman, National 
Meeting, Salt Lake City (58). 


MAX PETERS—Edu- 
eater. Prof. & head of 
Div. of Chem. Eng., Univ 
of Til. Chem. eng.. plant 
operations ('42-'44) Her- 
cules Powder Co.; ("44- 
U. 8S. Army; Tech. 
plant super. (47-49) G. 
I. Treyz Chem. Co.; Fel- 
low ('49-'51) Penn State 
Univ.; Asst. prof. ('51). 


of Ill.; Lic. Prof. Eng. 
Author numerous tech. articles on reaction ki- 
netics and design, and two textbooks. George 
Westinghouse Award, ASEE. ('59). A.1.Ch.£.: 
Chmn. (60), vice-chmn. ('59), Central Ill. Sec- 
tion; Prog. Comm. ('58-); Prof. Dev. Comm. 
(58-); Reaction Kinetics Area Comm. ('59-); 
Student Chap. Advisor ('57-'60); Chmn.. Plant 
Design Sect., Educ. Films Comm. ('54-'56); 


cator. Executive vice- 
president, Chemical Divi- 
sions. Food Machinery 
and Chemical. Instructor 


professor (29-35), pro- 
fessor and head of Chem- 
Engineering Depart- 
ment ('36-'48), Case In- 
stitute Chief, Process 
Development Branch. 
Office of Rubber Director ('42-'44); Consultant 
('28-'41) Dow Chemical; Consultant (29-'51) 
Lubrizol Corp; Director of research ('48-'49), 
vice-pres. (49-'53), Mathieson Chemical; vice- 
pres. & technical director (54-56) Chemical 
Divisions, PMC. Over 100 patents for lubri- 
cants and chemical processes. Author of nu- 
merous technical A.L.Ch.f.: Chmn. of 
Cleveland National Meeting; Former chmn. 
Cleveland Local Section. 


CHARLES W. SWART- 
OuT—Industrial Execu- 
tive. Operations Manager, 
Mallinckrodt Chemical 
Works (55-). Develop- 
ment engineer, Linde Air 
Products Co. ('37-'42); 
2nd Lt. to Major, Man- 
hattan District, U. 
Army Corps of Engineers. 
Army operations officer, 
Wilmington ('42- 
"44), chemical construc- 
tion officer, electromag- 
netic, Y-12 Arena, Oak Ridge, Tenn. (‘44-'45), 
assistant production officer, Y-12 Area ('45- 
‘46); Chief eng. Malinckrodt Chemical Works 
('46-"55). Inventor or co-inventor of six pat- 
ents relating to fame drilling of rock and 
processes for mold coatings. A.!.Ch.€.: General 
chairman, 46th Annual Meeting, St. Louis 
(33); Campaign co-ordinator (St. Louis Sect.) 
United Engineering Center ('58); Nominating 
Comm. (59); Chmn. Public Relations Comm. 


tute of Science and Tech- 
nology, & professor of 
chemical engineering, 
Univ. of h. 
Chem. Ene. ("42~-"43), 
Univ. of Mich., asst. pro- 


assoc 
Rackham School of Graduate Studies (half- 
time) (68), director, Institute of Science and 
Technology & professor of ch 
ing (59). Registered prof. eng. (Mich.) Con- 
sultant to many industrial companies. Author 
or co-author of more than sixty technical 
articles. A.1.ChE.: Junior Award (45); Pres- 
entation Award ('51); Professional Progress 
Award ('56); Dynamics Objectives Comm.; Pub. 
Bd., ALChEJ.; Program Comm. (reaction 
kinetics); vice-chmn. Accreditation Comm. 
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D. A. Dahistrom 

L. Farrar 

W. B. Franklin 

J. G. Knudsen 

J. L. Olsen 
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i 
engineer, Magnolia Pe- 
troleum Co ('43-"45); 
Sales engineer, Owens- 
Corning Fiberglas Co. 
46-47) Section head 
4 Compressed Industrial] 
Instr.. Chem. Eng. ('38- 
tris rs 
CARL F. PRUTTON—in- 
dustrial Executive Sdu- 
4 2 ro- 
fes ate 
prof ‘ of 
Che Ens Univ. 
Chmn., Reaction Kinetics Symp. (54), Wash- 
ne ington, D.C. Meeting; Tech. Prog. Comm. (60), 
m Mexico City Meeting. 
ROBERT WHITE — 
Educator. Director, Insti- 
§ 
4 
4" fessor (43-"46 assoc. 
professor ('46-'48), pro- 
fessor ('48-'58), assoc. 
\ dean, College of Engi- 
neering (half-time) & 
(60). 


meeting 
preview 


R. L. RorscHach 
Warren Petroleum Co. 
Tulsa, Oklahoma 


Tulsa—Oil capital of the nation 


Tulsa, Oklahoma, the country’s leading oil center, 
plays host to A.I.Ch.E. National Meeting September 
25-28. Here is a last minute report on special meeting 
events, what to see, and where to go. 


AN ENJOYABLE AS WELL As techni- 
cally informative A.I.Ch.E. National 
Meeting is coming up this fall, reports 
indicate. Committee members ne 
gone all out in plans to show their 
city to attendees. Visitors to Tulsa, 
Oklahoma, site of the gathering Sep- 
tember 25-28, will find, contrary to 
the popular image, a city of trees, 
hills and lakes. Tulsa has grown by 
leaps and bounds in a short time to 
its present status as the oil capital of 
the country, and the control center 
for a large share of petroleum opera- 
tions in the Western Hemisphere and 
Middle East. In addition, it is one 
of five major industrial areas in the 
southwest, and the manufacturing 
center of Oklahoma. 

This is a far cry from a city which 
was not incorporated until 1896, al- 
though Tulsa’s known history dates 
back to 1836. Then, Archie Yahola, 
a Creek Indian, settled there and 
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presided over the community council, 
one of the town groups in the Creek 
national government. While the first 
white settlement was in 1882, it was 
not until the discovery of oil nearby 
in 1901, that things began to boom 
in Tulsa, Since 1920, the population 
has grown from 75,000 to today’s 
255,000, with 339,000 in the county 
area. 


Major oil center 

Tulsa now has more than 20,000 
people working in plants and offices 
of 500 oil firms, exclusive of oil 
equipment manufacturing and supply 
firms. Besides fabricating industries, 
there are refineries, fertilizer, cement 
and other chemical processing plants. 
The city has five major petroleum 
laboratories and the outstanding 
School of Petroleum Science at the 
University of Tulsa. A research and 
education center for the area, it also 


holds the national headquarters of 
several leading professional and pe- 
troleum operations associations. 


Barbecued buffalo 
The special events, Ladies’ Pro- 
gram and Plant Tours arranged as 
of the National Meeting are cal- 
culated to give a birds’ eye view of 
this thriving city. Highlight of the 
special events agenda is an outing to 
Woolaroc Ranch and Museum. The 
Ranch, located 45 miles from Tulsa 
on the tribal lands of the Osage 
Indians, will host an exhibition of 
Indian and Western dances, and an 
outdoor meal with barbecued buffalo 
the main course. A tour of the ranch 
grounds and the Museum is in order. 
Feature of the Ladies Program is 
a visit to the four-acre Tulsa Rose 
garden. The garden contains over 
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COOPERATING 

GENERAL 
AMERICAN 
RDC 

COLUMN 

FOR 


Memorial Institute. 
One of the important developments has been a solvent extraction 
process .. . a countercurrent extraction of this tar with 75% metha- 
nol—25% water and commercial hexane . . . using the RDC column. 
The development appeared so promising that a prototype plant was 
constructed at Alcoa’s Rockdale Works by Texas Power & Light 
Company incorporating a General American RDC pilot column. 
Only the RDC column combines all these advantages: High volu- 
metric efficiency, high throughput capacity, elimination of inter- | 
stage settling, flexibility for changing feed conditions, lower power 
requirements, simple construction, tolerance for solids. 
For any applications dealing with liquid-liquid, liquid-solid, liquid- 
slurry extraction . . . why not get full information on a General 
American RDC column? (Write for Bulletin #T-1159) Remember, 
it pays to plan with General American. 

Process Equipment Division—Turbo-Mixers 


GENERAL AMERICAN TRANSPORTATION CORPORATION 
135 South LaSalle Street 

Chicago 3, Illinois 

Offices in principal cities 


TURBO-MIXER 


*Names on request 


EXCLUSIVE RDC LICENSEE IN THE PROCESS INDUSTRY 


For more information, turn to Data Service card, circle No. 82 
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PROCESS 
EQUIPMENT 


A EVAPORATOR — All stainless 
steel quadruple effect. 


A DRUM DRYERS — Available 
with a variety of feed arrangements. 


A VACUUM ROTARY DRYER — 
Designed for efficient removal of mois- 
ture at low temperatures. 


Goslin-Birmingham process equip- 
ment is custom designed to meet 
your specific requirements. The 
high standards of G-B design and 
workmanship assure you of maxi- 
mum operating efficiency. 


7 


A FILTER — All stainless steel. 
Vallez rotating leaf pressure filter..De- 
signed for precoat if required. 


Write for more detailed 
information 


GOSLIN-BIRMINGHAM 


MANUFACTURING CO., INC. 


P.O. BOK 631 + BIRMINGHAM, ALABAMA 


For more information, turn to Data Service card, circle No. 80 
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Tulsa 
from page 100 


9000 rose plants, and one of the 
dozen rose testing gardens in the 
United States. The Garden Center, 
located in the $80,000 mansion of 
an early oil king, houses a library, 
lecture hall and meeting place. The 
nine-gallery Philbrook Art Center, 
also on the ladies’ list, has, in addi- 
tion to its permanent display, a 
monthly visiting art collection. 

The Thomas Gilcrease Institute of 
American History and Art is con- 
sidered to have one of the world’s 
most important collections of Ameri- 
can history and art, with particular 

is on the American Indian. 
It was presented to the city of Tulsa 
in 1955 by Thomas Gilcrease, a lo- 
cal citizen of Creek ancestry. 

Plant tours take in some of the 
leading area industry. On the list are: 
American Airlines Maintenance J 
huge jet center, first in the airli 
industry which was planned ex- 

ly for jet age overhaul. 

rand River Chemical Co.: Produces 
ammonia, agricultural and 
fi grade urea and urea-ammonia 
solutions. 

DX Sunray Oil Co.: This refinery, one 
of the largest lube oi] manufacturing 
facilities west of the Mississippi, pro- 
duces 75,000 bbls. of crude a day at 
capacity. 

Texaco Refinery: principally manu- 
factures Capacity, 39,000 
bbls. a day. Also open for viewing 
will be National Tank Co.'s plant, 
Jersey Production Research Labora- 
tory and Public Service Co. Power 
plant. 

High spot of the four day meeting 
is the traditional dinner-dance. Dr. 
Kenneth McFarland, educational con- 
sultant and lecturer for General Mo- 
tors is the featured speaker. He has 
been noted as one of the nation’s 
outstanding speakers by the National 
Chamber of Commerce, so a special 
treat is in store. = 


A 30 million pound phthalic anhy- 
dride plant planned by Witco will use 
a process. Slat- 
ed for completion in late 1961 on a 
site not yet chosen, the plant will be 
on the east coast. 

Acetic acid, acetic anhydride and 
methyl ethyl ketone are among 400 
chemicals to be made at Union Car- 
bide Chemicals new Brownsville, 
Texas, plant. The company’s third 
unit of this type in Texas, it is ex- 
pected to begin operations in about 
one year. 
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A.L.Ch.E 
Candidates 


The following is a list of candidates for the 
designated grades of membership in A.I.Ch.£. 
recommended for election by the Commitiee on 
Admissions. These names are listed in accord- 
ance with Article III, Section 8 of the C 
tution of AJI.ChE 

Objections to the election of any of these 
candidates from Members and Associate Mem- 
bers will receive careful consideration if re- 
ceived before July 15, 1960, at the o 
the Secretary, A..1.Ch.E., 25 West 45th Street, 
New York 86, N. Y. 


MEMBER 


Aaron, Henry O., Wilmington, Del. 
Aaronson, Irving, La Puente, Calif. 
Alexander, Robert L., ElDorado, Ark. 
Ashley, Jay H., Midland, Mich. 


Biles, William R., Texas 
i Brewer, Jerome, Allentown, Pa. 


Chirgwin, L. D., Jr., senferd, Conn, 
Christensen, Edward R., Beacon, N. Y. 


DiMaggio, Anthony J., Pottstown, Pa. 
; Dungan, Theodore A., San Francisco, Calif. 


Elkin, Harold F., Philadelphia, Pa. 
Elston, James W., Baltimore, Md. 
Epstein, Norman, Vancouver, B.C., Canada 


Gitterman, Henry, Teaneck, N. J. 
Green, Robert M., Foxboro, Mass. 


Hastert, Robert C., Cleveland, Ohio 
Hirasawa, Paul S., ee Falls, idaho 


Jackson, Jefferson Jr., Lake Charles, La. 
Jurevic, William G., 


Knap, James E., Charleston, W. Va. 
Kuehl, Rollo H., Auburn, Mich, 


Lawson, Donald W., Texas City, Texas 
Lesem, Mark E., Crossett, Ark. 

Lewis, David M., Schenectady, N. Y. 
Lioyd, Robert, W. Mifflin, Pa. 


Margolin, Stanley V., Auburndale, Mass. 
Meece, William E., Newark, Del, 
Moore, James D., Salt Lake City, Utah 
Morrow, Wallace’ E., ee Ohio 


Penick, Joe E., Augusta, 
Phinney Donald La Calif. 
Pierce, Robert R., Natrona Heights, Pa. 


Robinson, phe B., Alta., Canada 
Sampson Lake Jackson, Texas 
Sive, Oklahoma City, Okla. 
Soparkar, Ramesh G., Calcutta, India 
Vasan, Srini, New York, N. Y. 


C., Baytown, Texas 
herry, Thomas C. Bartlesville, Okla. 
Wriekt: Robert G., ‘New Orleans, La. 


ASSOCIATE MEMBER 


Ableson, Arthur E., Grants, N. 

Ablon, Jerome, New York, N. Y. 

Abrams, David S., Silver Spring, Md. 

Adams, Hubert aA Nevada, 

Adamson, David S., Ei Calif. 

Aid, Joe R., Wilmington, Del, 

Aitken, Gordon, Watkins Glen, Y. 

Albert, Michael B., Penn Valley, Pa. 

Aldrich, Robert Hart, Rowayton, Conn. 
’ Alford, Peter B., Rochester, N. Y. 
Allard, Peter F., Havertown, Pa. 
Allen, Phillip B., Stratford, Conn. 
Allen, Robert F., Pochester N. Y. 
Allison, Charles R., Tarentum, Pa. 
Anderson, Erwin M., = Grand Rapids, Mich. 
Anderson, Malcolm R., Madison, Wisc. 
Anderson, Richard F., Painesville, Ohio 
Anderson, Robert W., Salt Lake City, Utah 
Anderson, Virgil L., Williamsport, 
Ando, Hiei, New York, Y. 
Angelosante, Talentino, Allen Park, Mich. 
Anthony, Russell D., Jr.. Houston, Texas 
Armstrong, Carl D., Cape Girardeau, Mo. 
Armstrong, Melton G., Port Arthur, Texas 
Avant, Thomas G., 


Bacher, Joseph, Bronz, 

Baerg, William, Stan ord Calif. 
Baker, Herman J., Hopewell, Va. 
Baker, John E., Port ‘Acta. Texas 
Barnard, R. D., Harvey, Ii. 

Barone, Vito S., Saginaw, Mich. 


Baublitz, John E., Hanover, Pa. 
Bayer, Frederick F., Jr., Scarsdale, N. Y. 
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/METAL-TUBE 
ROTAMETER 


to measure 


Rate-of- Flow of 4 


SK Metal-Tube (Armored) Rotameters 
were specially designed for measuring 
the rate of flow of hazardous fluids, 
fluids under high pressures, and steam 
in chemical, petroleum, and other 
industrial plants. 

These SK Rotameters combine accu- 
racy with sound design and sturdy 
construction to provide an easy-to- 
apply, easy-to-use instrument of 
considerable versatility. For, the 
Metal-Tube Rotameter can be used 
for direct reading or it can be arranged 
for remote indicating, recording, or 
controlling of fluid rate-of-flow. 

This instrument is made for tough 
service—has a tapered metal tube with 
flanged connections as shown, metal 

extension tube, float with magnetic 
moves in the extension tube, the scale, and a sturdy “Safeguard Type” 
follower (outside the extension tube) indicator case. 
follows. The follower position, in Get complete details. Write to SK 


meter scale, indicates new Bulletin 19A. 


For immediate Delivery, Standard SK Jet Ejectors, Rotameters, 
.) and Flow Indicators are stocked in Cornwells Heights (Phila.), 
Z Pa., Houston, Texas, and San Francisco, Calif. 


Schule and Koerling COMPANY 


INSTRUMENT DIVISION 
2245 STATE ROAD, CORNWELLS HEIGHTS, BUCKS COUNTY, PA. 


For more infermation, turn to Data Service cord, circle Ne. 83 
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ENGINEERED 
FILTRATION 
OF 


© HOT MINERAL ACIDS ¢ ORGANIC ACIDS 


The experience of our engineers over a long span of time has developed many 
highly —- highly successful and highly profitable leaf filter designs con- 
structed with a variety of materials to handle hydrochloric, sulfuric, fumaric and 
other mineral or organic acids. These feature tank linings of Hypalon, butyl 
rubber, plastisol and vinyl coatings to name a few materials currently being 
used for these strong acids. Leaf designs include materials of zirconium, tita- 
nium, polypropylene and PVC which have been proven for these services. 
Quick/Change polypropylene bags are common to most installations of this type 
and facilitate installation on leaf frames without operator sewing. Style of instal- 
lation gives full security and tight surfaces which improve sluicing cake discharge 
economy. Additional features such as the efficient Rotary-Sluice, Reslurry Air 
Ring, Filtrate “Policeman” ae assemblies and Spacers are produced in this 
same variety of materials. Basic Vertical and Horizontal Tank Leaf Filters are 
available in these materials and are much less expensive than you may think. 


You are invited to use this experience to virtually eliminate corrosion problems 
and improve your filtering operation. Our staff and sales agents are ready to 
help you. Why not drop us a line, now! 


if you have a hot acid problem, write 
for our confidential filtration data 
sheet or phone Victoria 5455. 


FALO FILTERS, INC. 


MWOOD AVE. BUFFALO 7, N.Y. 


BU 


1807 


For more information, turn to Data Service card, Circle No. 23 
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Bayliss, Ronald W., Freeport, Pa. 
Bazaire, Keith E., Wilmington, Del. 
Bea, Donald A., Washougal, Wash. 
Beaudoin, Jean Marc, Duluth, Minn. 
Bednowitz, Allan L., Brooklyn, N. Y. 
Bellefieur, Gilles N., 

Bennett, Harold L., 

Berardi, Lioyd F., Rochester, A 
Bergman, Howard G., Ft. Belvoir, Va. 
Bergonzoni, Aldo, Westfield, N. J. 
Bergstad, Ralph, Corvailis, Ore. 

Bertinot, Benjamin E., Mcintosh, Ala. 
Bidrawn, John, Ames, lowa 

Bidstrup, Wayne W., Fairport, N. Y. 
Birr, Harold E., Mendon, Mich. 

Bishop, Jerrold K., New York, N. Y. 
Black, Myron, Brooklyn, N. Y. 
Blackford, Alfred F., Somerville, N. J. 
Blacksburg, Alvin Brent, Somerville, N. J. 
Blair, Robert J., Lancaster, S. C. 
Blakeney, William R., Harteville, S. C. 
Bodde, Bernard P., Vermilion, Ohio 

Bode, M. C., Bristol, Pa. 

Bohl, Thomas Lee, Bozeman, Montana 
Bomben, John L., Concord, Calif. 

Bonnet, Juan A., Rio Piedras, Puerto Rico 
Boschwitz, Stewart Carl, Bronz, N. Y. 
Boyd, Charles W., Burkburnett, Texas 
Braden, William B., Jr., Waco, Texas 

B haw, Jerry, Center, Texas 
Brandoni, William R., Cleveland. Ohio 
Brandt, Donald C., Liverpool, N. Y. 
Bricea, Gerald J., San Francisco, Calif. 
Briggs, William C., Muskogee, Okla. 
Brinkley, Donald R., La Grange, Mo. 
Brinson, Robert James, W. Lafayette, Ind. 
Brochu, Ronald L., Springfield, Maas. 
Brooks, Carl E., Jr., Newark, Ohio 
Brooks, Edward C., Tia Juana, Venezuela, S. A. 
Brooks, Kenneth W.. Tulsa, Okla. 
Brown, Jerome R., No. Augusta, S. C. 
Brown, Pan! Wayne, Columbus. Ohio 
Brubaker, William James, Watkins Glen, N.Y. 
Bruger, Louis, Ladysmith, Wisc. 

Bublitz, Donald W., Eesexville, Mich. 
Buffington, Marlyn K., Forest City, lowa 
Burnett, Ronald D., Houston. Texas 
Burns, Allen N., Houston, Texas 

Butler, Thomas B., Texas City, Texas 
Byington, Joseph A., Wilmington, Del. 


Ca:ap, Joseph S., Ardmore, Pa. 

Campbell, J. David, Irwin, Pa. 

Carstens, Ronald A., Ponca City, Okla. 
Caswell, Walter R., Wakefield, R. 1. 
Cekada, Joseph, Jr., Cleveland, Ohio 
Chapel, Dan G., Howell, Mich. 
Chludzinski, rae, Brookiyn, N. Y. 
Churchill, G. William, Tell City, Ind. 
Chute, Robert W., Columbus, Ohio 

Cirrito, Vincent, Brooklyn, N. Y. 

Clancy, Robert J., Detroit, Mich. 

Clark, Lewis W., Stamford, Conn. 
Clasing, Henry K., Jr., Teaneck, N. J. 
Clay, Don R., Washington C. H., Ohio 
Clearwater. William R., Clifton, N. J. 
Cline, C. Douglas, Rutherford College, N. C. 
Coates, Alfred E., Wakefield, R. I. 

Collins, Braxton W., Spartanburg, 8S. C. 
Collins, Melvin A., Midland, Mich. 

Colvin, H. R., Lake Jackson, Texas 
Comeaux, Ray James, Port Arthur, Texas 
Compton, Henry W., Summit, N. J. 
Condy, Harvey A., Montreal, Que., Canada 
Cook, Michael, New York, N. Y. 

Cooper, Roger L., St. Louis, Mo. 
Corcoran, Edward M., Kew Gardens, N. Y. 
Sorvese, Donald J., Kingston, R. I 
Cosgarea, Andrew, Jr., Norman, Okla, 
Cossette, Marcel, Montreal, Que., Canada 
Costa. Kenneth, Kingston, R. I. 

Cox, Edwin, III, Richmond, Va. 

Cox, Joe M., Texas City, Texas 

Crossley. Guy A., Cincinnati, Ohio 

Crowe, Hollis E., Orno, Me. 

Curtis, David, Cleveland, Ohio 

Cushing, Gerald W., Palisade, Nebr. 
Cyrenne, Noel, Trois-Rivieres, Que., Canada 


Dalton, Bill N., Lawrenceville, Ill. 
Danek, Frank C., Cleveland, Ohio 
Davis, John P., Flat River, Mo. 
Day, Frederic F., Port Arthur, Texas 

L., Buterprise, Ala. 

C., Ir., Livingston, Texas 
Deeds, David C., Amherst, Ohio 
DeGraff, Charles D., No. Canton, Ohio 
Deibert, Max C., Belmont, Mase. 
DeJean, Ronald, Baton Rouge, La. 
DeMarkey, William, Jr., Greenwich, Conn. 
D’Evadio, John C., Arcadia, Calif. 
Devore, Donald F., Clearwater, S. C. 
Dewey, Richard C., Cincinnati, Ohio 
Dietz, Russell N., Wantagh, N. Y. 
Diliello, Luke M., 1 


G. N., Jr., Easton, P 
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Dixon, Leon A., Hasieton, Pe. j 
Donaldson, John Wm., Indianapolis, Ind. 
| Dougherty, . 


Doyle, Francis J., Philadelphia, Pa 

Drake, Allan L., Interlaken, N. Y. 

Driscoll, Patrick L., Saginaw, Mich. 

Drury, Alton G, Scobey, Montana 

Duckworth, Gordon L., Calgary, Alta., Canada 
Duncker, Charles P., Brentw Mo. 

Dunskus, Thomas, Cambridge, ass, 

DuPuy, L. H., Texas City, Texas 

Dutcher, Dennis L., Sioux Falls, 8. D. 


Earl, Thomas C., Allentown, Pa. 
Early, Jonathan E., Kingsport, Tenn, 
Eberhardt, Bruce A., Mountain Lakes, N. J. 
Edwards, Jerry L., Fayetteville, Ark. 

Edwin, Richard V., W. Hempstead, N. Y. 
Eichenseer, Robert L, Evanston, lll, 

Eide, Paul H., Cincinnati, Ohio 

Eklund, Jon A. Ashland, Mass 

Elgin, Arthur Chevy Chase, Md. 
Eliwanger, John R., Flushing, N. 
Englert, Thomas M., Paducah, Ky. 
Estill, Joseph O., Lima, Ohio 
Estrada, V., Vedado, Habana, Cuba 


Fass, Stephen, Union, N. J. 
Feil, Robert Frank, Copake, N. Y. 
Federico, Kenneth F., New Orleans, La. 
Feinman, Nathan, Port Chester, N. Y. 
Feitel, J. York, Jr.. New Orleans, La. 
Felter, Robert K., Jr., Basking Ridge, N. J. 
Feng, Louis T., Highland Park, Mich. 
Fietelson, Sidney S., Shenandoah, Pa. 
Fischer, Henry B., E. Cleveland, Ohio 
Fishberg, Lewis D., Trenton, N. J. 

Fisher, Robert E., Midland, Mich. 

Fletcher, Frederick L., Southgate, Mich. 
Flounders, Edmund M., Allentown, Pa. 
Flury, Roy, Lakewood, Ohio 

Folstein, Robert L., Silver Spring, Md, 
Folzenlogen, Paul D.. Dallas, Texas 
Fontenot. D. J., Ville Platte, La. 

Forsch, Thomas R., Sault Ste Marie, Mich. 
Fortune, William D., Warwick, R. 1. 

Foster, Robert, Chicago, I. 

Fowler, Frederick D., Bedford, Ind. 

Fox, Chester R., Flushing, N.Y. 

Franke, F. R., Gaineville, Fla. 

Franke, Richard H., Pittsburgh, Pa. 
Fraser, Malcolm Douglas, Pitteburah, Pa. 
Freeman, Robert M., New York. N. Y. 
Friedly. John C., Moundeville. W. Va. 
Fritz, Edward J.. Cleveland. Ohio 

Fuller, Ronald. Clincheo, Va. 

Funk, George H., Plumsteadville, Pa. 


Gainer, John Lioyd, Pasadena, Md. 
Gallo, Anthony J., Niagara Falls, N. 
Garbarini, Charles J., Jr., Pelham Manor, N.Y. 
Garow, Jay, Bronz, N. 
Robert C., Bronx, N. Y. 

Gasda, Thomas D., Bethlehem, Pa. 

way, Charles . San Francisco, Calif 
— oseph Michael, Columbus, Ohio 
Gerdes, William H., Freehold, N 
Gerstner, Richard ?.. Mineola, N. Y. 
Gessner, Henry Y., Brooklyn, N. Y. 
Gibson, Carroll J., Borger, Texas 
Gibson, Dennis L., LaGrange, Ml. 
Gesshe, William D., Latrobe, Pa. 
Gill, William N., Syracuse, N. 
Givand, Theodore E., Brooklyn. N. ¥. 
Glenn, Robert W.. Valdosta, Ga. 
Glovier, Robert Ivan, Wilmington, Del. 
Goldberg, Morris, Brooklyn, N. Y. 
Goldstein, Jack B., Laurelton, N. Y. 
Goral, Robert J.. Beaver Meadows, Pa. 
Gorring, Robert L., Ann Arbor, Mich. 
Gray, John Richard, Beaumont, Texas 
Gray, Michael H., Spartanburg, S. C. 
Gray, Thomas, Three Rivers, Que.. Canada 
Greenstein, Bernard, Bronz, N. Y. 
Grove, Andrew S., Elmhuret, N. Y. 
Gruebmeyer, William, Columbus, Ohio 
Gruenling. Edwin H.. Jr.. Newark, N. J. 
Grusser, Robert Y., Flushing, N. Y. 
Gustafson, George Robert. Yes oa m, 
Gutierrez, Carlos D..Se. Plo/nfield, N. J. 


Haartz, David Winsor, Andover. 4. 
Hackworth, John H., Bethichem, Pa. 
Hafner, Eugene R., Orange, Texas 
Hall, Richard D., Newark, Ohio 
Hallemann, Fred A., New Haven, Mo. 
Haliman, Donald F., Ward, Cc. 
Hamill, Thomas, Brookiyn. N. Y. 
Hamilton, Boyd L., Bishe>, Texas 
Hamilton, Joshua Pearre, Nashville, Tenn. 
Hampton, Richard John, Luchine, Que., Canada 
Handiak, Nicholas, Montreal, Que., Canada 
Hansen, John E., Duluth, Minn. 
Hag, 8S. S., Rolla, Mo. 
Hardister, Rex J., Pine Bluff, 
Harris, Alexander T.., Pork, Mich. 
Hart, Clifford Leslie, Cleveland, Ohio 
Hart, Mareus R., Oakland, Calif. 
Hassard, Graham T., Orange, Conn. 
Hauser, Rolland, Ames, lowa 
Hawk, Ralpk Leroy, prom] Mo. 

Kinnett J., 


Hebert, Leslie E.. Jr.. 
Heckman, David Henry, Pemberville, Ohio 
Helms, Andrew E., LaMarque, Texas 
Henry, Allan L., Grand Rapids, Mich. 


continued on page 106 
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HOW BEAT THE HEAT 


for strong high alloy 
requirements in the 


1,800° to 2,300° F range! 


casting alloy 


Duraloy “HOM” is a special high nickel 
alloy developed to produce castings 
that meet high temperature 
requirements, especially when castings 
are subject to oxidizing atmospheres. 


} 10.000 T 000 
| i | 
10,000 1000 TT 2000 
DESIGN 
4 
| $000 4 4 
— -Y600 1700 1800 1900 2000 2100 2200 2301) 1600 1700 1800 1900 2000 2100 2200 7300 1600 1700 1800 1900 2000 2100 2200 2300 ; 
CURVES SHOWING HIGH TEMPERATURE CURVES SHOWING CREEP STRESS FOR CURVE SHOWING STRESS 
TENSILE STRENGTH CREEP RATE OF 1% 10,000 HOURS AND RUPTURE AT 100 HOURS 
OF OURALOY HOM FOR OuRALOY 


Castings of DURALOY “HOM” are now 
being produced by our three methods: 
static, centrifugal and shell molded. 
Write today for additional information 
on this versatile new alloy. 


EASTERN OFFICE: 12 East 41st Street, os York 17, 8. ¥ 
CHICAGO OFFICE: 332 South Michigan Avense 
DETROIT OFFICE: 23906 Woodward Ave., Pleasant Ridge, Mich. 


For more information, turn to Data Service card, circle No. 46 
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Herbert, Victor P., St. Louis, Mo. 
F : Herring, Richard N., Allentown, Pa. 
: : 3 etherington, George F., Pointe Claire, Que., 


Y. 
Anthony R., Waban 
ill, Richard A., New Brunswick, N. J. 
ill, Ronald Hugh. Texas 
Hillegas, William J., Harleysville, Pa. 
Hillier, Don E., Jr., yon Texas 
Hinsch, James E., Dearborn, Mich. 
Hirsch, Robert W., Brooklyn, N. Y. 
Hodges, Michael E., Panama City, Fla. 
Hocksema, Vernon L., Muscatine, lowe 
Hoffman, Robert P., Pittsburgh, Pa. 
i Hohenbrink, Mark F., Ft. Jennings, Ohio 
Hone, Roger F., Jr.. Rahway, N. J. 
Hope, John S., Dallas, Pa. 
Horton, Howard James, Farrell, Pa. 
Howard, Gordon R., Germantown, Ohio 
Hunscher, William H., Quakertown, 
Hunt, John W., Jacksonville, Fla. 
Hymowitz, Jerome B., Brooklyn, N. Y. 


Jackson, William C., Philadelphia, Pa. 

Jacobs, Stanley C., New Kensington, Pa. 

Jenkins, Richard A., Ruxton, Md. 

Johnson, Cecil J., Dayton, Ohio 

Johnson, Paul W., W. Hyattsville, Md. 

Johnson, Theodore O., McKeesport, Pa. 

nston, Richard, Detroit ich. 

Now—by combining a Lenape ASA bolt flange which is a short seamless Joyner, Nelson T.. Jr., Anchorage, Ky. 


welding neck and your choice of three seamless bodies, you get optimum ee 


reinforcement, design flexibility and economy. Richard 


SPE ASA BOL NGE N. 
CIAL A T FLA Karesh, Werven G., ‘Bamberg, 8. C. 
Kenard, Raymond Los Angeles, Calif. 
Simple, low cost attachment, with easier alignment Kern, Mitchell J., Brooklyn, N. 
Kilgore, Louis C., Beach, “Calif. 
and orientation. You can choose different materials Kim, Sok Taek, Dekalb, Ill. 
King, Kenneth, Pale Calif. 
es for body and flange, as well as length with unmatched King, Merrill K., Pittsburgh, Pa. 
in ‘lengths over 12” Mona Fay, Rochester’ N'Y 
° r, N. Y, 
engt Knapp, Gerhard, Parkersburg, W. Va. 


Knapp, John Richard, Jr., Monaca, Pa. 

00, rge , Seattle, ash. 
SEAMLESS CYLINDER EXTENSION Korchinski, Ilirion J. O., St. Lowis, Mo. 
Superior to pipe or rolled plate. No seams. Built-in Krodwigs Walter Joplin, ‘Mo. 
— reinforcement. Choice of length and thickness. 
C., Yonkers, N. Y. 
Kurtz, enneth D., Dover, Ohio 


Lakid, Joseph John, Jr., W. Mifflin, Pa. 
TYPE C INTERNAL REINFORCING NOZZLE Lander, Ln Howard, 
nglinais, P. n, eville, 
Separate bolt flange makes more efficient internal Lanigan, William F., New Orieans, La. 
f ibl ham, Jerome, Glens N. Y. 
i etroit, 
reinforcement possible. By Detroit, 
Calif. 
Victoria, Texas 
Midland, Mich. 


La 
Mo. 
TYPE D EXTERNAL REINFORCING NOZZLE ain to. 
; ; A ontreal, Que., C 
External attachment with massive reinforcement. 
Leroy, ‘Bio Spring. sense 
All of these are available in Lerner, "emend | New York. N. Y. 


. Levittown, Pa. 

300 to 900 Ib. ASA standards. 
ivy Alan Stuart, Brooklyn, N. Y. 
Levy, Roger, St. Louis, Mo. 

given in ROD Lenape Lichtenheld, Robert Detroit, Mich. 
Catalog. Write for your copy. 
Limbert, J., Botkins, Ohio 


Philadelphia, Pa. 
ndros, Donald Alan, Santa Maria, Calif. 
Lipson. Elliot, Jackson Heights, N. Y. 
G CO Livtngeton Owen Walker. Cloverdale, Ala. 
§ vivingston wen er, ov 
LENAPE HYDRAULIC PRESSING & FORGIN — Ty 
DEPT. 120 WEST CHESTER, PA. Lb Pittsburgh, Pa. 
Lowder, Geral’ R. LaMarque, Texas 
PRODUCTS Lucht, Gerald \, Cleveland, Ohio 


For more information, turn to Data Service card, Circle No. 100 
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Ludwig, Allen C., San Antonio, Texas 
Lumpkin, William | B., Coweta, Okla. 


Lyche, David w., Grand Forks, N. D. 


Macchiarold, Nick Thomas, Pa. 
Machado, Joseph John, Bristol 
Mack, Herman H., LaMarque, te 
Mack, Lawrence Anthony, "Piiteburgh, Pa. 
Magre, Dale, Crystal City, Mo. 
Maher, John F., River Edge, N. J. 
Mallory, Ralph, Jr., Evansville, Ind, 
Manry, Charlies W., Auburn, 
Markowiez, Martin Stanley, Detroit, Mich. 
rlow, Herman F., Jr., Herrin, 
Marquette, Numa L. Jr., New Orleans, La. 
Marshall, Marion H., Lima, Ohio 
Martin, Billy R., Channelview, Texas 
Martin, E. G., Manitowoc, Wise. 
Martin, Fred David, Lubbock, Texas 
Martin, George Blair, Newberry, 8. C. 
Martinez, Fernando, Sarnia, Ont., Canada 
Mathias, Donald F., Euclid, Ohio 
Mathison, Philip T. Seattle, Wash. 
Maxim, Gordon &., Limerick, Me. 
Mazzola, Louis R., Brooklyn, N. Y. 
McAdams, Warren E., Columbus, Ohio 
McAlister, Donald R., Ferndale, Mich. 
McCarthy, John T., Jr., Richmond, Va. 
McClure, T. D., Orangeburg, S. C. 
McElroy, Paul L., Jr., Nashville, Tenn. 
McGee, John W., Timmoneville, S. C. 


Melatesh, Charles D., Wyandotte, Mich 
MeKelvey, Richard A., Staples, Minn. 
McKim, J. A., Sudbury, Ont.. Canada 
McKinney, D. E., Greenville, 8. C. 
McKinney, Kenneth W., Sulphur Springs, Tez. 
MeNeilly, Frank S., Nashville, Tenn. 
MeNierney, John C., Pitteburgh, Pa. 
MeVay, Donald R.., Brooklyn, N. Y. 
Medaris, James A., Grand Forks, N. D. 
Meenahan, James G., Detroit, Mich. 
Megantz, S. O., Scotia, A 

Meier, Frederick W., Parkersburg, W. Va. 
Melter, Alexander J., Hales Corners, Wise. 
Melton, D. J., Edna, Texas 

Menzel, Kurt F., Jr., Wheaton, Md. 
Mercer, Edward B., Ill, Houston, Texas 
Merlthan, Timothy R., Kenmore, N. Y. 


Milden, Martin, Philadelphia, Pa. 
Miller, Gary L., Bellflower, Calif. 
Miller, Merlin J., Basile, La. 

Miller, Paul S., Flourtown, Pa. 
Miller, Walter C., Panhandle, Texas 
Millin, Paul D., Providence, R. I. 
Moit, Daniel, Bertrand, Mo. 

Moon, Joon Sang, Seoul, Korea 
Morey, Richard S., Morristown, N. J. 
Moring, James St ho. Ark. 


Mosier, Richard C. J., St. Lowis. Mo. 
Moskow. Martin, Brooklyn, N. Y. 

Moyer, Richard Milo, Bellevue, Ohio 
Mover, Richard W., Cleveland, Ohio 

Mulik, John. McAdoo, Pa. 
Munorz-Candelario, Rafael. Mawaguer, P. R. 
C., W. Des Moines, lowa 


Beaumont, Texas 


ital 
Nolan, James Joseph, Brooklyn, N. Y. 
Norby, Loney C., Watford City, "N. D. 
Norton, William J.. Grand Forks, N. D. 
Novotny, Charles Berw wn, 
Nugent, Duane C., Frankfort, Mich. 


O'Brien, James A., Gloucester, N. 
O'Brien. Lawrence F., Jr., Staten N. Y. 
O'Connell, Joseph E., Whitehall, Mich. 
Okenfuss, Richard H., Cincinnati, 
Olsen, George P., Whiting, Ind. 
Oltmann, Harold, Houston, Texas 
borne, William G., Clemson, S. C. 
Charlies &., Palmerton, Pa. 


Paige, John W., Saginaw, Bo, 
Palermo, R. C., Rochester, N. Y. 
Palumbo, Salvatore M., Flushing, N. Y. 
Parent, Richard G., Lille, Me. 

Parker, R. M., Chattanooga, Tenn, 
Parks, Norman 8., Akron, N. Y. 
Parris, Samuel C., Rochester, Pa. 
Pascoe, Edwin A., Ferndale, Mich. 
Pate, Alfred R., Jr., Longview, Texas 
Payne, Walter R., Ft. Detrick, Md. 
Pecsar, Raymond E., San Bernardino, Calif. 
Pedalino, Joseph S., Brooklyn, N. Y. 
Pegoraro, Rudolph J., Euclid, Ohio 
Petershagen, Larry, Long Beach, Calif. 


continued on page 108 
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THIS PUMP SPECIALIZES iN 


“IMPOSSIBLE” 


CHEMICAL PUMPING PROBLEMS 


... examine these special features of the 


EXTERNAL GEAR anv BEARING 


SCREW PUMP 


Heory Secnos 


Through Body Well Show Say 


Bearing: bor Stroddie 
Exe Heovy Boll Movenng of Taming Geor 
bor 


Dees 
Srufling Bos 


Glew 

Cor Screws Accurately Vem ond Sigh: 
Co: Specie! be Lock be Geore 
Applic eros 


then see what it can do: 


@ Pumps highly viscous liquids or semi-liquids most effec- 
tively ; discharge pressures nearly unlimited for high viscosity 
liquids; up to 700 psig for low viscosity liquids, with ca- 
pacities to 3000 GPM and operating temperatures to 700°F. 

@ Pumps liquids from systems under high vacuum, with 
special modifications; has handled vacuums down to 10 
microns, with no special seals or without submerging the 
pump. Mechanical seals are not required. 


@ Pumps many types of slurries, since it does not trap liquids 
as gear pumps commonly do. 

@ Pumps with a constantly high volumetric efficiency because 
of low internal slippage; is excellent for metering large 
capacities. 

@ Pumps quietly and smoothly and is ideal for extruding ma- 
terial where a flawless surface is necessary. 


@ This highly adaptable Warren External Gear and Bearing 
Screw Pump, available in an almost endless number of 
patterns, can solve special space or piping problems too. 
And it can be furnished with heating or cooling jackets, 
with hopper type body, and in any metal your problem 
requires. 


Now, consult a Warren engineer 
for help with your “impossible” chemical pumping 
problem or write for detailed Bulletin 206 


WARREN PUMPS, INC. 


For mere information, turn te Date Service cord, circle No. 57 
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Heery Dury 
Met + 
: Posmroning of Rove 
Ou Reservow ory Shot 
j be t Repockiag 
Nassau, Herbert : 
Nauck, George 
Nelson, Richard 2 10. 
Nemeth, Bela J.. McKeesport, Pa. 
ave! Nemeth, Edward J., Glassport, Pa. 
Nichols, Anthony, Niagara Faille, Ont., Canada 
Nichols, Kenneth E., Charleston, S. C. 
ho Nickerson, Clifford A., Cranston, R. I. 
cw WARREN, MASSACHUSETTS 


Shear-Flow’s high shear action produces finer, 
faster blending, dispersing and homogenizing. 
The new Model RL Shear-Flow portable mixer 
represents a major advance in mixer design. 
The new Hi-Shear Head consists of two rotating 
impellers and two stationary stators enclosed 
in a cylindrical housing. The fine clearance 
between impellers and stators results in rapid 
shearing action and ao high degree of tur- 
bulence, resulting in a more complete reduction 
of agglomerates within the mixture. 


¢ Greatly reduces mixing time 

¢ Uniform circulation—no vortex 
eEmulsifies immiscible liquids 
Controllable flow pattern 

Chemically inert seals 

Handles viscous materials with ease 
No operating torque 


Write today for complete information on the 


SHEAR - FLOW Shear-Flow line of mixers. 


GABE SPECIAL PRODUCTS INC. SPECIAL PRODUCTS 


Ny 
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Candidates 
from page 107 


Phillips, Gene E., Gaffney, 8S. C. 
Pike, Earl A., Jr., Millville, N. J. 
Place, Morris C., Jr., Rochester, Mich. 
Plant, Lawrence B., Detroit, Mich. 
Poarch, James W., ‘Springfield, Mo. 
Pollack, Harold, Nashville, Tenn, 
Pollack, Sheldon, Brooklyn, N. Y. 
Poteat, R. M., Spartanburg, S. C. 
Prezeiski, Joseph L., Forest City, Pa. 
Price, Vivion Jr., Camden, S. C. 
Priest, John R., Memphis, Tenn. 
Prioreschi, Thomas J., Cleveland, Ohio 
Ralph J., Detroit, Mich. 
Pybus, Joseph E., Jr., Bishop, Texas 


Rahimi-Keshari, H., Hannibal, Mo. 
Rai, Charanjit, Crystal Lake, Ill. 
Rajagopal, P., Chembur, Bombay, India 

Rathmell, James J., New Orleans, La. 

Rauchfuss, George W., Jr., Beaver Falls, Pa. 
Rawson, Norman E., Crystal Lake, Ill. i 
Raybuck, Karl W., Butler, Pa. 

Reenders, Dean Gary. Grand Haven, Mich. 

Reeves, Howard R., Euclid, Ohio 


. , State College, Pa. 
Reutelhuber, William O., Chatham, N. J. ( 
Rextlinger, Alan W., Binghamton, N Y. 

Rice, Alan W., Bridgeville, Pa. 

Riehle, Peter F., So. St. Paul. Minn. 
Riess, Daniel M., F.P.0O. San Francisco, Calif. 
Riggs, Gordon L., Kittery, Me. 

Riley, Frank G., Texas City, Texas 
Rimkus, Robert E., Houston, Texas 

Rish, Walter Anthony, Jr., Aauchust, Mass. 
Rockett, Kenneth W., Nape 
Roglieri, John L., Scotch Plains. N. J. 
Roland, John M., Montreal, Que., Canada 
Rothert, Kenneth. Tarrytown, N. Y. 
Rowland, Michael C., Larchmont, N. Y. 
Rubin, Edward J., Brookline, Mass. 
Rudolph, Fred, Coudersport, Pa. 

Rusnock, John A., Kelayres, Pa. 

Ruths, David W., Tamaqua. Pa. 

Ryan, Douglas G., Linden, N. J. 


Sabnis, Les ~~ T., Bound Brook, N. J. 
Sahagian, Sahag, Mariboro, Masa. 
Salkind, alvin J., Yardley, Pa. 
Salomon, Alfred Bloom eld, N. J. 
Sam, Gordon K. F, Honolulu, Hawaii 
Samaritano, John, Elmhurst, N. J. 
Samuels, R. M., Corvallis, Ore. 


Schaller, Arnold L., Perrysburg, Gate 
Scheans, Alvin C., "Detroit, 

Schirmer, M. "Bloomfield Hills, Mich. 
Schiant, Jone » N. 
Schoen, 


Long 
Scholimeier, Charles E., Rothe 
Schrade, Paul, Detroit, Mich. 
Schuler, Robert E.., Louisville, Ky. 
Schwierzke, Perry J., Jr., Bishop, Texas 

Benjamin S.. F.P.O. San Francisco, 

alif. 
Sellers, Thomas W., St. Petersburg, Fla. 
Severs, Glen M., Jr., Houston, Texas 
Shankland, Ronald L., Jackson, Mich. 
Shapiro, Sanford L., Columbus, Ohio 
Sharkey, William A., Hamilton, Ont., Canada 
Sharuckman, John M., St. Clair, Pa. 
Shea, Daniel J., Queens Village, N. Y. 
Sherman, William J., Allentown, Pa. 
Shields, Valerian, Chicago, Il. 
Shiffer, James David, Stanford, Calif. 
Shilling, Gordon Lee, Cuyahoga Falls, Ohio 
Short, John R., New Kensington, Pa. 
Sikora, Thomas E.. Cleveland, Ohio 
Silverberg, Peter M., Buffalo, N. Y. 
Silverman, Marvin B., Providence, R. I. 
—. John B., Old Greenwich, Conn. 


bert Cc. Charleston, W. Va. 
Smith, Charles R.. Midiand, Mich. 
Smith, David E., Palo Alto, Calif. 
Smith, David K., Penns Grove, 
Smith, Verne W., Jr.. Bangor, 
Smoke, W. Gladden, Jr., St. Matthews, 8. C. 
Sogal, Stephen, Jr.. Avon Lake, Ohio 
Solomon, Marvin, New York. 
Soukas, Constantine, New York, N. Y. 
Soviero, Joseph C., Middlesex, N. J. 
Spann, Ronald Michael, Far Hilla, N. J. 
Speirs, Edward W., Slate Hill. N. V 
Spencer, Framroze Texas City, Texas 
Steiner, Reece W., Detroit, Mich. 
Steinhoff, Edward, Midland. Mich. 
Steinmetz-Schmaltz, I., London, England 
Stephenson, Terry, Manchester. lowa 
Stevens, James E., Niagara Falls, N. Y. 
Stevens, John D., Potsdam, N. Y. 
Stevenson, D. O., Big Spring, Texas 


4 
4 
Re 4 
& 
" Sanscrainte, Jack R., Mayfield Heights, Ohio 
Saphar, Edwin G., Brookline, Mass. 
Say, Geoffrey R., Baton Rouge, La. 
: Bs Say, Robert L., Baton Rouge, La. : 
Scarbel, Marcel P., Providence, R. I. 
>. 
FOR BUSINESS ‘ad 
Tas 
4 Close tolerances between Adjustable deflector plate Three basic portable 
# impellers and stators pro- controls flow pattern for models for processing 1 to oe 
motes high shear for re- ond 250 gals. plus continuous 
duction and dispersion of using mix units for high volume ioe. 
material. air entrainment. processing. 
“ 


Stevenson, Sherwood K., Clinton, Pa. 
Stevick, James E., Cumberland, Md. 
Stewart, Marion, Choudrant, La. 
Stidham, Joseph P., Birmingham, Ala, 
Stites, John, Jr., Louisville, Ky. 
Stokes, MeNeill, Nashville, Tenn. 
Storm, David A., Bethlehem, Pa. 
Strahs, Gerald, Elmhurst, N. Y. 

Strand, David L., Grand Forks, N. D. 
Sturm, Harold F., Jr., Mobile, Ala. 
Sulya, Joseph, Winthrop, Me. 

Sumper, Charles, New York, N. Y. 
Swendsen, David L., Park Forest, Ml. 
Swift, George William, Ponca City, Okla. 
Szafranski, Robert C Pittsburgh, Pa. 


Tarangelo, James A., Brooklyn, N. 

Taylor, Charlee "A A., F.P.O. New York” 
Tekker, Peter C., Montreal, Que., Canada 
Tenenbaum, Harold, Brooklyn, N. Y. 
Terrill, Joe B., St. Louis, Mo. 

Teubert, Bernard J., Jr., Providence, R. 1. 
Theodore, Louis, Astoria, N. Y. 

Thomas, Joseph J., Brooklyn, N. Y. 
Thomas, William R.. Pittsburgh, Pa, 
Thompson, Joanne M., Morton, Pa. 

Tice, Gerald F., Sturgeon Bay, Wisc. 

Torres, Ravmond, Baytown, Texas 

Tozzi, J. J.. Waynesburg, Ohio 

Toyama, Ralph, Madison, Wiac. 

Trautman, Jerald D.. Rapid Citw. S. D. 
Triznadel, Norman T., Parma, Ohio 


Truex, Don Lee, El Seaundo, Calif. 
5 Turnbull, Thomas P., Millington, N. J. 
Turner, Malcolm M.. Ponca Citw, Okla. 


Tuttle, Richard E., Niagara Falls, N. Y. 


Ullah, Usman. Lahore, Pakistan 
Ullemeyer. John. Monroe, Mich. 
Urbick, Wally F.. Everett, Washington 


Varhola, George F., Erie, Pa. 
Variani, Joseph P., Baton Rouge, La. 
Vie, Jerry David, Florissant, Mo. 
Vivian, D. A., Granby, Que., C 
George F., Seattle, Wash. 

Wagner, John Martin, Kitchener, Ont., Can. 
Wagner, R. J., Saginaw, Mich. 

Wagner, Warren Fred, Chicago, Ill. 

Walker, William J.. Jr., Sunray, Texas 
Walls, Daniel Earl, Palatine, Ill. 

Walsh, J. Peter, Brooklyn, N. 

Ward, Irvin, Jr., Pittsburgh, Pa. 

Wasko, Steve A., Cleveland, Ohio 

Wegert, Harvey W., Baraboo, Wisc. 
Weinstock, Irwin, Columbus, Ohio 
Weiss, Geor Montreal, Que., Canada 
Wengrow, Henry Ray, Columbia, 8. C. 
Westover, Jack D., Harbor Beach, Mich. 
Wetter, Charles Robert. Bethel, Conn. 
White, Edward L., Cdlumbus, Ohio 
White, Howard R., Jr., Nashville, Tenn. 
White, John W., Tuscumbia, Ala. 

White, Richard W., Baytown, Tezas 

, Robert F., Southampton, Pa, 
White, Robert L., McKees Rocks, Pa. 
Wibbelmann, Richard, Detroit, Mich. 
Wiel, Stephen, San Francisco, Calif. 
Wilbur, John C., Salamanca, N. Y. 

Lorens W., Wausau, Wisc. 
Wilkerson, Roger E., Hamilton, Mont. 

° A., Fredericksburg, Va. 
Williams, John R., West Chester, Pa. 
Williams, William R.. E. Lansing, Mich. 
Wilson, Charlies H.., Sumter, S. C. 
Wilson, Edward L, New York, N. Y. 


Winegar, Phillip M., 
Wirt, L. Frances, Philadelphia, Pa. 

Witt, Alvin Edwards, Kalamazoo, Mich. 
Wolanyk, Michael A., 


Wonsicki, Edward A., Jr., Brooklyn, N. Y. 
Wood, Billy E., Lakewood, Colo, 
Wood, Kenneth Warren. Kansas City, Mo. 


’ Woodhead, Robert A., Orono, Me. 


MANUFACTURER OF PACKAGED 


HERE’S A REAL 


For more information, turn to Date Service card, circle No. 63 


PROFIT PACKAGE 


completely packaged gas generator that will produce a 


the gas 


you want, when you want it, at lowest possible costs. Even 
minimum gas users have found they can amortize the cost of an 
efficient Gas Atmospheres system over a few short months. 

Gas Atmospheres builds factory assembled and tested pack- 
aged units for the production of reducing, nitrogen, carbon 
dioxide, hydrogen, inert and annealing atmospheres for use in 
the metal, food, petroleum and chemical industries—from 50 
cfh to 50,000 cfh. If you use gas why not make certain you have 
the most efficient operation possible. Call in your Gas Atmos- 
pheres engineer today or write direct to Gas Atmospheres, Inc., 


3855 West 150th Street, Cleveland 11, Ohio. 


THE NATION'S LARGEST 


GAS GENERATOR SYSTEMS | 


Woods, Martin Edward, Cumberland, Md. 
Woodward, Joe W., Nederland, Texas 
Worden, Harlan F.., Wyandotte Mich. 


Fla. 
Wrenshall, R. B., Garden City. N. Y. 
Wuchter, James E., Cleveland, Ohio 


Yates, Charles B., Bordentown, N. J. 
eh, George C., 


Yeh, Auburn, Ala. 
Yourkoski, John J., Vulcan, Mich. 


Zartman, William N., Baytown, Texas 
Zeliner, Matthew G., Slatington, Pa. 
Zettler, Toby T., Cleveland, Ohio 

Ziegler, Edward Nelson, Bronx, N. Y. 
Zimmerman, Walter L., E. Cleveland, Ohio 
Zorheb, Richard, N. Bergen, N, 

Zohn, Kenneth, Middle Village, N. ¥. 


AFFILIATE 
Holdahl, Robert A., Minneapolis, Minn, 
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Write for complete information: 


Gates lines tanks with a 
wide variety of rubber 
and plastic compounds 
for safe storage of 
most corrosive liquids. 


Low cost... 
Fast delivery 


The Gates tank plants 
in Sioux City, lowa, and 
Denver, Colorado, spe- 
cialize only in corrosion 
protection. As a result, 
tanks can be lined with 
unusual speed and at 
low cost. Immediate de- 
livery on many popular 
models carried in stock. 


The Gates Rubber Company Sales Division, Inc. denver 17, Colorado 


For more information, turn to Data Service card, circle No. 61 
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for minimum volume gas users . . . base, 
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Safe storage for corrosive liquids... 
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‘ 


[FREE 


For more information, Circle No. 31 


How To Get Things Done 
Better And Faster 


BOARDMASTER VISUAL CONTROL 


yr Gives Graphic Picture—Saves Time, Saves 
Money, Prevents Errors 

x Simple to Operate—Type or Write on 
Cards, Snap in Grooves 

vy Ideal for Production, Traffic, Inventory, 
Scheduling, Sales, Etc. 

vy Made of Metal. Compact and Attractive. 
Over 500,000 in Use 


Full price $4950 with cards 

| 24-PAGE BOOKLET NO. BE-30 
Without Obligation 

Write for Your Copy Teday 


GRAPHIC SYSTEMS 


Yanceyville, North Carolina 


local 
sections 


All-Day Joint Meeting briefed on 
computer control, applications 


An up-to-date briefing on the fast 
moving field of computer application 
was undertaken at an All-Day a 
posium held in Cincinnati in A 
Jointly sponsored by the Akron, 

tral Ohio, Cleveland, Detroit, North- 
ern West Virginia, Ohio Valley, Pitts- 
burgh and Toledo Sections, the gath- 
ering had as its over-all title Appli- 
cation of Computers to the Solutior. 
of Chemical Engineering Problems. 
Major of the field were cov- 
ered in the nine pai presented. 

In addition to re- 
marks on digital and analog com- 
puters, given 2 © Jaffee and C. 
Evert, both of University of Cin- 
pers were heard on: Simu- 
a Tubular Reactor on an 
Analog Madigan, Good- 
rich Chemical; Profitability by Dis- 
counted Cash Flow Calcdlation, 
Cowan, Columbia Southern Chemical; 
Simulation of a Water Purification 
Process Using a Small Analog Com- 


puter, W. Mink and R. Filbert, Bat- 
telle Institute; Examples of Analysis 
and Correlation of Heat Transfer Data 
by Digital Computer, J. Wall and E. 
Young, Aurora Gasoline; Heat Ex- 
traction from Corners of Metal Cast- 
ings, K. H. Coats, U. of Michigan; 
Continuous Cyclic Vacuum Crystalli- 
zation Process-Heat and Material Bal- 
ance, G. Enyedy, Diamond Alkali; 
Recirculation anf Two Phase Flow in 
Vertical Thermosyphon Steam Genera- 
tors, A. Denton, Alco Products. 


More on Computer Control 
Chemical engineers are a key factor 


in process rovement by automa- 
tion because > the process is the most 
significant part of the a 


the Bartioniiie Section (S. J. Mar. 
will) e: told in April. The 

was T. C, Wherry, manager, Palins 
Petroleum Instrumentation and ro 
mation Branch, and vice president, 
Technical Department, ISA, Automa- 


Size and separate your materials the modern way 
with these rotary motion Simon-Carter machines 


The rotary motion principles employed in Simon-Carter machines are far more 
efficient and accurate than flat surface screening methods. For length sizing or 
separating, pockets or indents are used. For thickness or width sizing or separating, 
perforated cylinders (that stay clean) are used. All machines are compact in relation 
to capacity, and are of all-metal construction. Write today for complete information 
and descriptive booklets. Free laboratory testing and dernonstrating service. 


CARTER DISC SEPARATOR 
Unexcelled for accurately separating 
and sizing free-flowing granular ma- 
terials by length differences, 


CARTER PRECISION GRADER 


Separates and sizes free-flowi 
granular materials by thickness an 
width differences. 


697 19th Avenue N. E, 


CARTER SCALPERATOR 
Coarse materials are carried over 
the top of a rotating wire mesh 
screen. Fine materials are drawn 
out by suction: The Carter Scal- 
perator is used for cleaning 
material as it is shipped or re- 
ceived. Another all-rotary- 
motion machine. 


WRITE FOR COMPLETE 
INFORMATION 


SIMON-CARTER CO. 


Minneapolis 18, Minnesota 


For more information, turn te Data Service card, circle No. 17 
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tion, viewed by some as a movement 
more far reaching than the industrial 
revolution, is bringing about a great 
expansion in the field of process con- 
trol. Computer controllers, he pre- 
dicted, would be an important factor 
in future process control systems. Cur- 
rently, the hardware available from 
instrument makers appears to be 
ahead of the ability of instrument 
users to apply it. Therefore, long 
studies by competent teams are nec- 
essary to develop and evaluate com- 
plex control systems. But meanwhile, 
important results are being obtained 
from the simpler computers. 
Typical of the more complex ana- 
log computer, the reactor heat balance 
computer scans 14 process variables 
every 30 seconds, The input si 
are obtained in electrical form 
the measuring elements, and the heat 
balance is computed by multiplica- 
tion and summation of input voltages. 
Because of the fact that in the 
early design of new plants, proper 
combinations of automation in proc- 
ess control equipment can reduce 


lant costs, more active and system 
process 
control engineers is essential 


Power Conversion 

Elimination of the distribution costs, 
a major factor in home power, is the. 
main reason why direct conversion 
of heat to electric power may be 
economical in the home of the fu- 
ture, Ned S. Rasor, Atomics Inter- 
national told the Southern California 
Section (Paul Armstrong) in April. 
Rasor gave the meeting an outline of 
how the direct conversion of heat 
and chemical energy into electric 
power is accomplished. He also dis- 
cussed how the several parameters 
of thermo-electric, thermionic, mag- 
netohydrodynamic, thermochemical 
and electrochemical conversion can 
be varied to obtain the maximum 


efficiency. 


Area Chemica! Directory 

One of our newer sections, Fairfield 
County, (Arthur J]. Weinberger) has 
swung into action by putting out a 
directory of nearly 200 local com- 
panies related to, or of im —— to 
chemical engineers. The service 
project of the section, the directory 
was compiled by Leon Hecht, treas- 
urer-elect of the group. It is expected 
to be a great use to many chemi- 
cally oriented business firms in the 
area, as well as to the professional 
rece brought to the lo- 
cality research 
and t ical activities. Copies of the 
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AGITATOR blends 


lumpy, 
balled 


fibrous 


The Paul O. Abbé “Rota-Cone” Blender, with internal agitator, readily 
blends lumpy, caked, balled and fibrous materials. 


For example, many fine mesh powders become caked into relatively firm 
lumps. The “Rota-Cone" blender breaks up and restores such caked or lumped 
materials to their original fineness for blending with other powdered ingre- 
dients. 

Again where caked powders are treated with a liquid additive, the in- 
ternal agitator restores the powder to its original fineness, before the atomized 
spray is added. Breaking, blending and liquids-addition are all accomplished 
in one unit. 

Some materials, tend to form balls while being blended. The internal agi- 
tator prevents this “balling” and permits quick, thorough blending. 

The “Rota-Cone" Blender produces blended fibrous materials from formu- 
lations including tight fibrous clusters which must be opened or fluffed before 
adding to the batch. It fluffs these clusters and blends—all in one operation— 
with high degree of efficiency. 

Where shortening or other fatty content has to be cut into the powdered 
materials the “Rota-Cone" produces a perfect blend. 

The “Rota-Cone" can help you, too, to solve your difficult blending problem. 


For complete details of these Paul O. Abbé machines, write 
today for our 12-page Brochure ‘‘C’’. 


BALL & PEBBLE MILLS 
ORY & PASTE MIXERS 


271 CENTER AVE. LITTLE FALLS. NEW JERSEY ORYERS & BLENDERS 


For mere information, turn te Date Service card, circle Ne. 7 
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NO MAJOR REPAIRS 
IN 25 YEARS 


Sturtevant Construction Assures 
Long Mill Life at Top Loads 


Sturtevant crushing and grinding ma- 
chinery answers the long life top-load pro- 
duction problem for medium to small size 
plants. Many Sturtevants have been operat- 
ing above rated capacities for more than 25 
years, and without a major repair. 

“Open-Door” design gives instant acces- 
sibility where needed — makes cleanouts, 
inspection and maintenance fast and easy. 
Machines may be set up in units to operate 
at equal quality and capacity. 


Jaw Crushers — Produce coarse (5 in. largest mod- 
el) to fine (% in. smallest model). Eight models 
range from 2 x 6 in. jaw opening (lab model) to 
12 x 26 in. Capacities to 30 tph. All except two 
smallest sizes operate on double cam principle — 
— double per energy unit. Request Bulletin No. 


Rotary Fine Crusher — Reduce soft to medium hard 

3 to 8 in. material down to % to 1% in. sizes. 

Capacities up to 30 tph. Smallest model has 6 x 18 

in. hopper opening; largest, 10 x 30 in. Non-clog- 

gins operation. Single handwheel regulates size. 
equest Bulletin No. 063. 


Crushing Rolls — Reduce soft to hard 2 in. and 
smaller materials to from 12 to 20 mesh with mini- 
mum fines. Eight sizes, with rolls from 8 x 5 in. 
to 38 x 20 in.; rates to 87 tph. Three types — Bal- 
anced Rolls; Plain Balanced Rolls; Laboratory 
Rolls — all may be adjusted in operation, Request 
Bulletin No. 065. 


Hommer Mills — Reduce to 20 mesh. Swing-Sledge 
Mills crush or shred medium hard material up to 
70 tph. Hinged-Hammer Pulverizers crush or shred 
softer material at rates up to 30 tph. Four Swing- 
ge Mills with feed openings from 6 x 5 in. to 
20 x 30% in. Four Hinged-Hammer Pulverizers 
with feed openings from 12 x 12 in. to 12% x 24 in. 
Request Bulletin No. 084. 
*Reports Manager W. Carleton Merrill 
concerning Sturtevant Swing-Sledge Mill 
at James F. Morse Co., Boston. 


STURTEVANT 


MILL COMPANY 
135 Clayton Street, Boston 22, Mass. 
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Presenting Fairfield County Section lo- 
cal chemical industry directory to 
Stamford’s Mayor J. Walter Kennedy 
(c) are Leon M. Hecht, Jr. (1) and 
Arthur J. Weinberger, past chairman of 
the section. 


publication are being sent to all school 
science supervisors, and 
chambers of commerce in the area, and 
local section members. 


Mote! meeting 

The Peninsula Florida Section (H. 
M. Burt) Annual Meeting was a rous- 
ing success, both technically and so- 
cially. The group takes over a motel 
in Daytona Beach, each year, and 


spends two and half days swim- 
ming, vacationing with their families, 
and listening to technical papers 
which bring them up-to-date on de- 
velopments in the field. Of particular 
interest on the eight-paper program 
were The Chemical fa cal Stake 
in Systems Engineering, B. Fairchild, 
U. of Florida, and Planning and 
Scheduling of Capital Engineering 
Projects, E. Loyless, St. Regis Paper. 
Winding up the technical program 
was presentation of a prize-winning 
design problem by a U. of Florida 
student. 

Also meeting 

A joint meeting of Indianapolis, Lafa- 
yette, and Terre Haute Sections 
(W. E. McCoy) in March heard 
Jerry McAfee in a talk on A.L.Ch.E. 
J. Anderson, Union Carbide, spoke on 
Liquid Extraction. . . The Fairfield 
Country Section (J. Witheford) fea- 
tured a talk by R. Fremed, associate 
editor, Chemical Engineering, on Pro- 
fessionalism vs. Unionism. Occasion 
was April meeting. . . Ladies’ Night 
at the North Jersey Section (S. A. 
Savitt) deserted chemical engineer- 
ing for a social June meeting. . . 
Annual plant i ion trip of the 
Rochester Section (M. Mulman) took 
place in April, when the group toured 


-Up 


In the Chemipulp-KC Burner, molten 
sulphur is sprayed into the burner as a 
fine mist; heated secondary air is then 
introduced in several stages, resulting in 
clean, efficient burning. The burner 
quickly reaches its operating tempera- 
ture of about 2400°F., minimizing pro- 
duction of SO3. Operates efficiently at 
all SO2 concentrations between 12% 


- 


and 18%%. At 2100°F, bitumen in 
dark sulphur is completely burned. 

Available in a range of sizes up to 
50 tons of sulphur per day and each size 
will produce SOz2 gas efficiently through 
a wide operating range. Compact design 
and flexibility of layout permit installa- 
tion in limited space. 

Write for Bulletin 100 


Chemipulp Process Inc. Woolworth Building, Watertown, N.Y. 
Associated with Chemipulp Process Ltd., 253 Ontario St., Kingston, Ontario 


Pacific Coast: A. H. Lundberg, Inc., P. O. Box 186, Mercer Island, Wash. 
Lundberg-Ahlen Equipment Ltd., 779 W. Broadway, Vancouver 10, B. C. 
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meen Laboratories. . . Underground 
rom of petroleum gases at Shell 
utane caverns was discussed at 
Alton-Wood River Section in 
April. Speaker was A. L. Calcaterra, 
project engineer for construction 4 
the cavern at the Shell refinery. . 
topside view of the use of pane 
in process industries was presented to 
the Philadelphia-Wilmington Section 
in April, J. Aronofsky, manager, Com- 
puter Center, Socony Mobil Oil, 
showed how linear programming can 
be used to optimize plant operations 
. . » Dunlop Tire & Rubber, Tona- 
wanda, N.Y., was the scene of the 
Western New York Section (Reed E. 
Garver) April tour. Earlier, the group 
heard Alfred A. Adler, staff consultant 
in flight mechanics, Bell Aircraft, talk 
on space flight . . . How to achieve 
more productive experimentation was 
M. Dorian Shainin’s topic at the 
Western Massachusetts Section (R. 
Simon) in May. He dealt with the 
strength and weakness of the scientific 
method, and how statistical techniques 
of interest to chemical engineers can 
add objectivity to it. Simon is vice 
— Rath and Strong consul- 
. Northern California Section 
% C. Hungerford) toured Dow 
Chemical’s Pittsburg, Calif. plant in 
April. . . The Baltimore Section (Philip 
Messina) viewed the Kennecott Re- 
fining Corp. on its annual plant trip in 
May . . . The (Boston) Icthyologists 
wound up activities for the year with 
an “Annual Last Splash” dinner-dance 
in May .. . The USSR and the im- 
portance of science and technology 
there were discussed by Norman 
Neureiter at the South Texas Section 
(G. H. Cummings) in May. A re- 
search chemist at Humble Oil & Re- 
fining’s Baytown, Texas, Research 
Center, Neureiter also teaches Russian 
in the University of Houston evening 
session. He served as a guide last year 
at the American National Exhibition 
in Moscow. 


Rapidly growing markets for higher 
acrylates have prompted Celanese 
Corp. plans to double capacity for 2- 
ethylhexyl acrylate, butyl acrylate and 
glacial acrylic acid. Facilities at the 
pw Pampa, Texas, plant will 
produce 14 million pounds annually. 


An electrolytic manganese metal 
manufacturing plant, 10 million 
pounds a year ca city, is planned at 
Aberdeen, Miss., by American Potash 
& Chemical. The $5 million facility 
is located adjacent to the company’s 
sodium chlorate plant. Completion is 
scheduled for late 1961. 


PROPER 
TOOLING 


= Four Point Program Provides: 


service-proved engineering design 

guaranteed job-ratings 

complete fabricating facilities 

technical service before, during and after installation 


One reason that Efco does it right is its many years of 
experience in designing and fabricating heat-exchangers 
for the wide range of temperatures and pressures repre- 
sented by ethylene plants and platinum catalyst reforming 
units. We are recognized specialists in handling all grades 
of carbon, alloy, and stainless steels, nickel, aluminum, 
and special low-temperature materials. 


ASK OUR GULF COAST CUSTOMERS—THEY KNOW US WELL 
Write for General Catalog 

ENGINEERS AND FABRICATORS, INC. 

P. ©. BOX 7395 HOUSTON 8, TEXAS 


Reprints Available: DIMENSIONLESS NUMBERS 


Pages 55-64, September CEP 


Members and Nonmembers Student Chapters and Colleges 


1-9 copies $.50 each 1-9 copies $.25 each 
10-99 copies .40 10-99 copies .20 ” 
100-999 copies .25 ” 100-999 copies .15 ” 
1000 copies 15 ” 1000 copies .13 ” 
Add 3% Sales Tax for delivery in New York City. 
Order from Publications Dept. 


American Institute of Chemical Engineers 
26 West 45 Street, New York 36, WN. Y. 
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for washing, cooling, processing, 
humidifying, dehydrating and 
hundreds of other applications. 


Whatever your production or 
process requirements...you'll 
get the right spray nozzles 
quicker by calling Binks. 
There is a size and spray pat- 
tern for every purpose...with 
nozzles cast or machined from 
standard or special corrosion- 
resistant metals and materials. 


Send for Catalog 5900 
Gives details on nozzle 
applications, sizes, 
capacities, spray 


Binks Manufacturing Co. 
3114-32 Carroll Ave. 
Chicago 12, lilinois 


Send me your comprehensive Spray Nozzle 
Catalog 5900—ano obligation, of course. 


NAME 


COMPANY 


city ZONE STATE 
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people 


in management 
and technology 


Antoine Marc 
Gaudin has been 
elected chairman 
of the Engineering 
Foundation, UET 
research depart- 
= ment, “for the fur- 

§ therance of research 
in science and en- 
gineering, and the advancement in any 
other manner of the profession of en- 
gineering and the good of mankind.” 

Gaudin is the Richards Professor of 
Mineral Engineering at M.LT. He 
also acts as a consultant to industry 
and government both here and 
abroad. Most known for his contribu- 
tions to the theory and practice of 
flotation, he is also distinguished in 
the fields of hydrometallurgy, ion- 
exchange, solvent extraction, and 
metallurgical applications of radioac- 
tive isotopes. Gaudin is the author of 
two oak Principles of Mineral 
Dressing, and Flotation, and numer- 
ous technical papers. He was cited in 
1957, by AIME for his leadership and 
direction in the development of - 


ing and recovery techniques for low- 
e uranium ores. 

Gaudin received his bachelor’s de- 
gree in science from the University of 
Paris, and the degree of Engineer of 
Mines from Columbia University. He 
was Associate Professor of Mechanical 
Engi ing at the University of Utah, 

Research Professor Mineral 
Dressing before going to M.L.T. in 
1939. 


Seymour Calvert, 
associate fessor 
of Chemical Engi- 
neering at Case 
Institute of Tech- 
nology, has been 
appointed chair- 
man of the newly 
formed Air Pollu- 
tion Advi Board for the city of 
Cleveland. Calvert is currently con- 
ducting a Basic Study of Air Pollution 
Wet-scrubbers under a grant from the 
U. S. Public Health Service. 


Frank Bockhoff, assistant professor of 
Chemical Engineering, Fenn College, 
received the 1960 Young Engineering 
teacher Award of the American So- 
ciety for Engineering Education. 
Bockhoff is co-euthor of Welding of 
Plastics. He also wrote the section on 


4 


ALL-JACKETED 


Gate Valve 


with Replaceable Seats 


Valves in line size 12” 
through 4” available in 
cast iron, steel, bronze, 
Ni-Resist and stainless 
steel. 


Valves in line size 6” 
through 12” are made 
of fabricated steel or 
stainless steel. 


@ The H&B “all-jacketed” gate valve does not need to be removed from 
the process line to re-machine the seats. Replacement inserts can be 
installed in a matter of minutes, minimizing shut-down time . . . Also 
jacketed pipe, fittings, plug cocks, pumps, meters, flexible hose. Write 


for Catalog J-50. 


HETHERINGTON & BERNER INC. © Engineers, Manufacturers 


715 KENTUCKY AVENUE 


INDIANAPOLIS 7, INDIANA 
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ate welding in Modern Plastics 
ncyclopedia. Award is based on 
recommendations by the deans of 
Ohio's thirteen engineering colleges. 


An award for distinguished service in 
emg, | was presented to Charles 
J. Haines by the University of Mis- 
souri. The president of Chemetron 
was cited for his managerial ability in 
bringing together the talents and re- 
sources essential to the growth and 
expansion of industrial enterprise, and 
his organizational ability in forming a 
strong and widely diversified com- 
pany. He received a bronze medal at 
a convocation of the College of Engi- 


neering. 


Presson S. Shane 
was elected vice 
president, Atlantic 
| Research Corp. He 
joined the company 
in 1958 as director 
of the Solid Pro- 
pellant Division. 


Shane’s responsibil- 


ities now include the Solid Propel- 
lant Division and Desomatic Prod- 
ucts, Inc. a subsidiary of Atlantic 


Research. 


a J. Odom has been elected 
president, Maine Association of Engi- 


neers. Odom, operations manager, 
Chemetron, Searsport, Maine, is the 
first chemical engineer to serve in this 


Paul J. Flory attended the Interna- 
tional Symposium on Macromolecular 
Chemistry, held in Moscow in June. 
Flory, executive director, research, at 
Mellon Institute, was U.S. National 
Representative, Committee on Macro- 
molecular Chemistry, National Re- 
search Council. 


Edgar B. Gutoff has joined Polaroid 
Corp., Waltham, Mass., as an emul- 


sion development engi . He was 
formerly with Ionics, Inc. 
Douglass J. Wilde has been granted 


a Fulbright Lectureship for 1960-61. 
He will teach Operations Analysis in 
the Chemical Engineering Depart- 
ment of the Ecole Superieure des In- 
dustries Chimiques, which is part of 
the University of Nancy in France. 
Presently Wilde is a lecturer in chem- 
ical engineering at the University of 
California. 
Ernest H. Volwiler won the 1960 
Gold Medal of the American Institute 
of Chemists. The award was given in 
recognition of his outstanding contri- 
butions to the pharmaceutical indus- 
continued on page 116 


gritty, 
corrosive 
solution 
doesn’t 


These two 5” type “SWOB” Nagle 
vertical shaft centrifugal pumps are 
giving excellent service in a Michigan metal- 


months of service. All submerged parts are of 
are no bearings below the floor plate. No 


bottom of casing so that solids cannot 
settle around impeller when pump is not 
operating. Nagle “SWOB” pumps are 
available 1” to 8”, capacities to 1800 
GPM, heads up to 100°. Many of these 
pumps are cutting costs in chemical and 
metallurgical plants. 


Nagle Pumps, inc., 1255 Center Ave., 
Chicage Heights, til. 


lurgical plant. They are designed to give years of 
service where ordinary pumps would give only 


corrosive and abrasion resistant materials. There 


stuffing box to worry about. Pump entrance is at 


Tewgh jobs coll for 


FOR ABUSIVE 
APPLICATIONS 


EXCLUSIVELY 
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gives RUGGEDNESS 
and VERSATILITY to 
new FIKE CPV UNIT 


A holddown ring is the added feature 
that gives the new Fike CPV rupture 
disc unit a distinct advantage over 
conventional units. The close fitting 
holddown ring holds the rupture disc 
snugly to the vacuum support. This 
reduces wrinkling and possible fatigue 
failure in cycling vocuum and pres- 
sure service. It also protects fragile 
discs from being cut by excessive 
tightening. 

The Fike CPV unit is more rugged 
than conventional rupture discs of 
equal rupture pressure. it is more 
easily handled and there is less dan- 
ger of damaging the rupture disc dur- 
ing installation from over torque or 
slight inclusion of foreign matter on 
seating surfaces of flanges. 


Sizes range from 1” to 24” with rup- 
ture pressure ranging from 4 to 850 
Ibs. PSIG at 72° F. Metals available 
depending on size, include aluminum, 
copper, silver, nickel, monel, inconel 
and stainless steel. Any of the above 
materials furnished with plastic disper- 
sion coats or sheet plastic lamination 
for various corrosive conditions. 


Send for the new complete catalog 
on Fike Rupture Discs. 


For more information, circle No. 59 
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Nagle builds 2 complete line 
“a of vertical and horizontal shaft 
pumps for handling abrasive, 
PUMPS METAL PRODUCTS CORP. 
liquids—send for Nagle Purp Blue Springs, Missouri 
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try and for his great service as a 
leader in the chemical profession. Vol- 
wiler is chairman of the board of 
Abbott International and a consultant 
of Abbott Laboratories, North Chi- 
cago, Illinois. He is credited with de- 
veloping manufacturing techniques 
for butyn, nembutal, and pentothal. 
During World War II, Volwiler de- 
velo improved processes for the 
production of sulfa drugs and peni- 
cillin. 

James A. Lane, a member of the di- 
rector’s staff at Oak Ridge National 
Laboratory, was one of a United 
States technical delegation to Yugo- 
slavia in May. They visited several 
nuclear research installations and held 
consultations with the Yugoslav Fed- 
eral Commission for Nuclear Energy, 
on developments in Yugoslavia, and 
on technical matters. The two week 
visit by the American team returned 
a similar visit made to the U.S. by a 
Yugoslav group. 


Edward C. Page, Jr. has joined J. T. 
Baker Chemical as assistant to the di- 
rector of manufacturing. He was for- 


merly first vice president, Henry 
Bower Chemical Manufacturing. 


Stuart McLain and Walton A. Rodger 
have formed a new consulting firm, 
McLain and Rodger Associates. They 
will specialize in reactor design and 
operation, nuclear fuel cycles and 
radioactive waste disposal. McLain, 
who has been in private consulting 
recently, was in 1956-57 associate 
director of the Argonne National 
Laboratory in charge of the educa- 
tional program. Rodger was special 
consultant to the Joint Congressional 
Committee on Atomic Energy at the 
Waste Disposal Hearings last year. 
He was associate director, Chemical 
Engineering Division, Argonne Na- 
tional Lab. 


Necrology 
Leonard P. St. Clair, 89. Formerly 
resident of Union Oil Co., St. Clair 
gan his association with the com- 
pany in 1909, as representative of the 
independent producers in the San 
Joaquin Valley. He was president of 
the Independent Oil Producers’ 


Agency until 1957. Elected president 
of Union Oil in 1930, he was board 
chairman until retiring from the post 
in 1939. 


Robert M. Boarts, Jr., 56. Head of the 
Department of Chemical Engineering, 
University of Tennessee. Boarts had 
been on the faculty of the University 
since 1934, He had also acted as con- 
sultant for T.V.A., the Bureau of 
Mines, and Oak Ridge National Lab. 
He received a B.S. Ch.E. from Lafa- 
yette, and M.S. and Ph.D. from the 
University of Michigan. 


E. Clinton Bowen, 53. President of 
Bowen Corp., general engineerin 
firm founded by him in 1952, he di 
much work on applications of vapor 
compression distillation to industrial 
waste recovery. He was a member of 
the technical section, Canadian Pulp 
and Paper Association. Active in 
TAPPI, Bowen was secretary of its 
Chemical Engineering Committee, 
and also held membership in the Pulp 
and Paper Foundation, University of 
Maine. Bowen served as a symposium 
chairman at the A.I.Ch.E. Annual 
Meeting in Boston in 1956, heading 
“Chemical Engineering in the Hi 
and Paper Industry.” Active in A.L. 
Ch.E., Bowen was influential in fur- 
thering work done by the Institute 
concerning chemical engineering in 
the pulp and paper field. 


The following thermocouple tips are available at $35.00 
each. Surface reading—air temperature—hypodermic 
needle—rigid immersion—needle and flexible wire type 


thermocouples. 


This direct reading instrument has a full 6” mirrored 
dial of exact calibration. The movement is built with 
unusual precision, has jewel bearings and the very finest 


workmanship. 


Each thermocouple is carefully constructed to obtain 
the exact circuit resistance; its calibration checked 
for resistance and also checked against known tempera- 
tures. Production is quality controlled within very fine 
tolerances to match the precision of the indicator move- 
ment. Bulletin 2146C contains detailed 
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From -40°F to 200°F 
in 3 to 5 seconds 


Ubnor 


ILLINOIS TESTING LABORATORIES, Inc. 
Room 573, 420 N. LaSalle St., Chicago 10, til. 


PYROMETER and Storage 
Model 2300B Price $1600°°0 of Chemical 
Solutions 


specifications. 


. 
POLYME 
LININGS)" 


for Handling 


The introduction of NEW POLYMER 
LININGS for Wood Tonks has made 
possible the “POLYCEL” 
practically any chemical solution — 
covering a pH range from zero to 
fourteen. The combination of a low 
cost wood membrane and a variety of 
tough, resistant polymer films offers 
big advantages over high priced alloys. 


WENDNAGEL & CO., INC. 


620 W. Cermak Rd., Chicago 146, Hi. 
For more information, turn to Data Service card, Circle No. 30 
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modern WOOD TANKS 


Non -Corrosive + Low Initial Cost » Low Maintenance Cost 
High Insulation Value » Easy Erection 


Write today for up-to-the- 
minute information on 
“Polycel.” 

Also available, new factual 
tank industry bulletins on 
comporotive costs, mainte- 
nonce, chart of chemicals 
and effects, and thermal 
quolities, Ask for NWTI 
bulletins 1 through 5. 


tank — for 
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Engineers, maintenance 
supervisors and plant super- 
intendents with pumping 
problems swear by SK 
Rotary Gear Pumps. In 
case-after-case SK Pumps, 

hy or as replacements, have 
STEDMAN SINGLE CAGE MILL solved “in-service” difieul- 
© Reduces most materials, including those thot ties and have given years 
ore wet, sticky or gummy without plugging or of maintenance-free service. 
dewing the eperetions. ; What these pumps have 
Handles up to 100% recirculating load without done for others, they can 


iid - near 
also do for you. 
High Capacity. Low maintenance. Economica! 
operation. Low Horse Power. 100% impact. New Bulletin G-] gives full details on standard 


Write for complete information to: SK Gear Pumps. Write for your copy. 


STEDMAN Schulte and 


FOUNDRY and MACHINE COMPANY, Inc. 2245 STATE ROAD, CORNWELLS HEIGHTS, BUCKS COUNTY, PA. 
subsidiary of United Engineering and Foundry Co. p . ME 9-0900 


AURORA, INDIANA 
JET APPARATUS + ROTAMETERS + GEAR PUMPS + VALVES + HEAT EXCHANGERS 


STEDMAN CAGE MILL 


BIG NAMES 
FOR ACCURATE Choose H&T for 


PRESSURE CONTROL Water Treating Equipment . . . 
ON A WIDE VARIETY OF APPLICATIONS 


FISHER 


A SERIES OF LARGE CAPACITY 
SELF-CONTAINED REGULATORS 
For Steam, Air, Gas, Oil, 
Water and other Fluids 


Low pressure, Type 95L is designed for TYPE 951 

outlet pressures from 2 to 30 psi; high 

pressure Type 95H for outlet pressures up 

to 150 psi. Small size makes this regulator i ; 

oe to installations Complete plants for 
ving space limitations. . 

Available with Neoprene di and Bi i ei, demineralization, de- 

seat for e-mperatures to 150°F. For 4 alkalizing, clarifica- 

temperatures above 150°F. stainless steel ; 

trim is used. Available in sizes 4” thru 1”. tion, silica removal, 

Quickly installed, easily accessible for £ pose woter softening, iron and manganese removal. Send 


replacement without removing from for catalog or ask to have field representative call. 


American Cyanamid 


CLAYTON 10, NEW JERSEY 


a 
WUNGERFORD & TERRY, INC. 


FISHER GOVERNOR COMPANY Gur pet 
Marshalitown, lowa/Woodstock, Ontario ee 
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FOR FULL DETAILS, REQUEST BULLETIN C-95 

fISHER ¥ 


PREFERRED 


by leading chemical processors 
BETHLEHEM 


PAWN 
DRYERS 


Three representative pan dryer in- 
stallations are shown below ... each 
researched and engineered to do 
the most efficient job possible. 


5'2” dia, stainless steel Pan Dryer with scrap- 
ed and jacketed bottom. Used for drying an 
organic solvent from a naval stores product. 


6'0" dio. stoinless 
steel Pon Dryer 
for drying plas- 
tics under high 
vacuum. 


8'0" dia. cost iron 
Thermocoil Pan 
Dryer for process- 
ing highly corro- 
sive and abras ve 
moterials. 


- 


write for 
BULLETIN 
351 


for details on 


for facilities of 
‘Process Equipment Division of 


ETHLEHEM FOUNDR 
MACHINE. 


For more information, circle No. 56 
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future 
meetings 


1960—MEETINGS—A.|.Ch.E. 


© Cambridge, Mass., Sept. 7-9, 1950. M.LT. 
Joint Automatic Control Conference. Spon- 
sored by A.I.Ch.E., AIEE, IRE. ASME, ISA. 
Por A.1.Ch.E. info refer to: W. H. Abraham. 
Eng. Exp. Sta., Dupont, Wilmington 98, Del. 
© Tulsa, Okla., Sept. 25-28, 1960. Hotel Mayo. 
A.A.Ch.E. National Meeting. Gen. Chmn.: E. 
W. Kilgren, Pan Am. Petro] Corp, Tulsa. 
Okla. Tech. Prov. Chmn.: K. H. Hachmuth. 
Phillips Petroleum Co., Bartlesville, Okla. See 
page 100. 

© Longview, Wash. Oct. 7, 1960. Pacific 
Northwest Section A.1.Ch.E. One-Day Regional 
Meeting on general topics. Mtg. Chmn.: R. O. 
Bathiany, Weyerhauser Co., Longview. 

@ Washington, D.C., Dec. 4-7, 1960. Statler 
Hotel. A.1.Ch.€. Annual Meeting. Gen. Chmn.: 
J. L. Gillman, Jr., 1700 K St.. N. W., Wash. 
6. D.C. Tech. . Chmn.: D. O. Myatt, 
Science Communication, Inc., 1709 Wisconsin 
Ave., N.W., Wash. 7. D.C. Air Pollution— 
A. J. Teller, U. of Plorida. Gainesville, Fila. 
Unsteady—-State iInstrumentation—T. J. Wil- 
liams, Monsanto Chem. Co., St. Louis, 
Fluid Dynamics—A. C. Acrivos. U. of Cali- 
fornia, Berkeley, Calif. Information & Com- 
munications—R. O’Dette, NSF, Wash., D.C. 
Nuclear Reactor Operations—R. L. Cummings, 
Atomics International, Canoga Park. Celif. 
Nuclear Chemical Plant Safety—C. E. Dry- 
den. Ohio State U., Columbus, O. Phase Tran- 
sitions—G. Bankoff, Northwestern U., Evans- 

Overseas—J 


ton, Til. Sales . Costigan, The 
Sharples Corp., 801 Fifth Ave.. New York 
17, N.Y. Ch ing—A Vital Link 


in Broadening the p of Agriculture Crops— 
J. EB. Simpson U.S.D.A. Chemical Warfare— 
Dispersal of Materials in Aerosol Form—L. E. 
Garono, Army Chem. Corps. Role of the 
Chemical in Environmental 
L. Paith. Air Pollution Foun- 
dation, 2556 Mission St., San Marino, | Calif. 
Feeding, Clothing, and Pr the C 

Soldier—Leo Spano. Quartermaster R&Eng. 
Command, Natick, Mass. Phenomena Affecting 
Materials in Extreme Environments—J. 
Hearne, Air Force R&Eng. Impact of Govt. 
Programs on Chemical Engineering Education 
—-W. K. Davis, Bechtel Corp. Toxic Plant 


Construction—L. E. Garono, Army Chem. 
Corps. Potentialities of Fuel Cells as 
Sources—P. Greer, Army OOR. Saline Water 


Conversion—J. J. Strobel, OSW, Dept. Int. 
Chemical Engineering in the Mineral Industry 
—H. Perry, Chf._ Bit. _ Coal Res. Br., ’ 

BuMines. Rock W. BE. Sheehan. 
DDRE. Economic Dveneation of New Processes 
—J. H. Hirsch, Guif R&D Co., P.O. Drawer 
2038, Pittsburgh 30, Pa. New Crystallization 
Techniques—H. M. Schoen, American Cyana- 
mid Co., 1937 W. Main St., Stamford, Conn. 
Heat Transfer, Papers requested—M. Altman, 
Gen. Elec. Co., 3198 Chestnut St. Phile- 
delphia, Pa. 


1961—-MEETINGS—A.1.Ch.E. 


© New Orleans, La., Feb. 26-March 1, 1961. 
Hotel Roosevelt, A.1.Ch.€. National Meeting. 
Gen. Chmn.: O. F. Wiedeman, Cyanamid, 
New Orleans, La. & H. E. O'Connell, Ethy! 
Baton Rouge, La. Tech Prog. Ch-in.; 
Regnier, Petroleum Chem., P.O. Box 
Orleans 6. La. Brainstorming Tech- 
nical Problems—G. C. Szego, Space Tech- 
nology Labs. P.O. Box 95001. Los Angeles 
45, Calif. Kinetics of Catalytic Reactions— 
M. Boudart, Princeton U., Princeton. NJ 
Petrochemicals—Future of the industry on 
Guif Coast—J. A. Sherred, Monsanto 
Chem. Co., St. Louls 66, Mo. Filtration— 
FP. M. Tiller, U. of Houston, Houston. Texas. 
Settling—A. G. Keller, State _U.. Baton 
Rouge, La. Future T 4 in 
the Petroleum Industry —A P. Kaulakis, Proc- 
ess Res. Div., ESSO. Education and Profes- 
sionalism—R. P. Dinsmore. Goodyear Tire & 
Rubber Co., Akron 16, O. Mathematics in 
Chemical Engineering—R. L. McIntire, Mathe- 
matical Eng. Assoc., 3108 Sweetbriar, Fort 
Worth 9. Tex. Evaluation of 
L. A. Nicolai, 239 Parsonage Hill Rd., 
Hills, NJ. Liquid—Liquid Extraction—R. B. 
Beckman, Carnegie Tech., Pittsburgh 13, Pa. 
New in the Area— 
B. G. " Caldwell, Dow Chem. Co., Plaquemine, 
La. Materials of Construction—R. V. Jelinek. 
Syracuse U., Syracuse, N.Y. Thermodynamics 
of Probabili ties in 
Evaluation—A. Bates, Atlas 
Powder Co., New Murphy Rd., Wilmington 99, 
Del. International Chemical Picture—L. Resen. 
CEP. Selected Papers-—-E. Mannings, Shell Oil 
Co., Norco, La. 


continued on next page 
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3 steps 


and 


you 


make 


accurate 
tests 

for 

pH, 

chlorine, 
phosphate 

with 

TAYLOR 
COMPARATORS 


GUARANTEED 
NON-FADING 
COLOR STANDARDS 


WRITE FOR FREE HANDBOOK 
101 pages of technical data 
and useful information. Gives 
theory and application of pH 
control. Describes Taylor line. 


W. A. TAYLOR 


412 STEVENSON LANE @ BALTIMORE 4 MD 


For more information, circle No. 35 
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DAH L. 4000seriesVaives 


are approximately 7” in height — 
which offers optimum utility, size 
and price. 
The 4000 Series features: 
@ Direct or Reverse Acting Operators 
@ Manual Reset Operators 
@ (Other Operators Available.) 


Six body types are available in 4%” to 4%” 
NPT sizes: 


No. 100 -2-way with “O” ring stem seal 

No. 105 -2-way with Teflon packing 

No. 110—3-way with atmospheric bleed 

No. 115-3-way with Teflon packing and 
piped exhaust 

No. 120—3-way with “O” ring seal and 
piped exhaust 

No. 125 —3-way with “O” ring seal (all ports 
closed in mid position) 


Write for complete details today 
GEORGE 
te 


DAHL 


| COMPANY, 
86 TUPELO STREET 
BRISTOL, RHODE ISLAND 
CLitterd 3-9500 
VALVES AND CONTROLS FOR THE 


COMMUNICATIONS, PROCESS 
AIRCRAFT ‘AND MARINE INDUSTRIES 


For more information, circle No. 1 
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future meetings 
continued 


— for papers: Sept. 5. 1960. 

@ Cleveland, O., May 7-10 1961. Hotel Shera- 
ton, Cleveland. Joint A.1.Ch.E. National Meet- 
ing with Ch.E.Div. C.1.c. Gen. Chmn H. 
Pforsheimer, Jr.. Standard Oj Co. 


more, Goodyear Tire & Rubber Co., ‘Akron 16, 
O. Petrochemicals as Starting Materials for 
Polymers—L. F. Marek, A. D. Little, 30 Memo- 
rial Dr., Cambridge 42. Mass. Fluid Mechanics 
—W. H. Gauvin, McGill Univ., Montreal, Que. 
Optimum Utilization of Pilot Piantse—J. T. 
Cumming, School Eng., Fenn College, Cleve- 
land 15, O. Process Dynamics (Theoretical)— 
R. M. Butler, Imperial Oil Co., Sarnia. Ont. 
Synthesis Processes for isoprene—T. A. Burtis, 
Houdry Process Corp., 1528 Walnut 8t.. Phila. 
2, Pa. Radioactive Materials for Process Con- 
trel—J. R. Bradford, College of Eng., Texas 
Tech. College, Lubbock, Tex. Process Dynamics 
(Applied)—L. M. Naphtali. Ch.E. Dept., Brook- 
lyn Polytech., Brooklyn, N. Y. New Synthetic 
Rubber Types—P. M. Lindstedt, Goodyear Tire 
& Rubber Co., Ch.E.Div., Akron 16, O. Coales- 
cence—R. Kintner, Illinois Inst. Tech., Chi- 
cago 16, Tl. Management Criteria for Capital 
vestment—C 


New York 17, N. 4 
Ch.£. in Metal Refining—W. M. Campbell, 
Chem. & Met. Div., Atomic Energy of Can., 
Chalk River, Ont. Heavy Metal Mfr.—tL. P. 
Scoville. Diamond Alkali, Union Commerce 
Bidg., Cleveland 14, ©. Applications of High 
Speed Photography—A. I. Johnson, Uniy. of 
Toronto, Toronto 5, Ont. Bulk Fibrous Mate- 
rials—R. M. Christiansen, Stearns-Roger Mfg. 
Co., Denver, Colo. Pulp and Paper—J. 
McCarthy, Univ. Washington, Seattle 5, Wash. 
New Research Techniques—D. Hyman, Cyana- 
mid, 1937 W. Main St., Stamford, Conn. Mix- 
ing-Fundamentals—J. Y. Oldshue, Mixing 
Co.. P. O. Box 1370, Rochester, 


Chemical, Freeport, Tex. Cash Flow Methods 
in Economic Analysis—D. D. MacLaren, Esso 


Research & Eng. P. O. Box 215, Linden, 


— for — Dec. 7, 

Rake Placid N. ¥., Sept. 24-27, 1961. Lake 
Placid Club. A.1.Ch.£. National Meeting. Gen. 
Chmn.: B. I. MacDonald, Jr.. G. EB. Water- 
ford, N. ¥. Tech Prog. Chmn.: E. R. Smoley, 
30 School Lane, Scarsdale, N. Y. Control of 
Corporate investment Costs; Chemical Engi- 
neering in the Photographic Industry; Tech- 
niques Used to Improve Profitability of Petro- 
Processes; Recent Developments in 
Mechanisms of Chemi i 
and Physical Properties A Materials “a High 
Temperature; Radiation Effects; Synthetic 
Natural Rubber; Chemical Engineering in 
Management; Materials Handling; Petrochemi- 
cals in the 1960's; World Wide Sales Chal- 
— the Sixties the Chemical Process 


Economics Theories Applied to Growth In- 


© New York, N. Y¥. Dec. 3-6, 1961. Hotel 
Commodore. A.1.Ch.£. Annual Meeting. Gen. 
Chmn.: L. J. Coulthurst, Foster Wheeler Corp., 
666 Fifth Ave. New York 19. N. Y¥. Tech. 
Prog. Chmn.: A. V. Caselli, Shell Chem. Corp., 
50 W. 50 St.. N. ¥. 20, N. Y¥. International 
Chemical Engineering; Utilization of Techni- 
cal Personnel; U. S. Chemical industry; Fiuidi- 
zation; High Viscosity Fluids—Design Aspects; 
Physical and Transport Properties; Polymeri- 
zation Kinetics and Catalyst System; Hetero- 
geneous Catalysis and Chemisorption; Heat 
Transfer—Phase and Chemical Change Sys- 
tems; Solid State Principles & Applications; 
Flame Theory and Plasmas; Water Pollution; 
Petroleum Pr Pr 
Nuclear Technology: Recent Advances in Fer- 
rous Pyro-Metaliurgy; Hydro-Metaliursy; Pilot 
Plants; Polymer Handling Eauipment; 
Dynamics, Control! and Simulation; Radia- 
tion and Furnace Design. 


SPECIAL ANNOUNCEMENT 


Chicago, Sept. 15-16, 1960. Morrison 
Hotel. 8th Annual Engineering Management 
Conference, Sponsored by A.!.Ch.E., AIEE, 
AIME, ASCE, ASME, AIIE, & IRE. Subject is 
Managing Tomorrow. Four-part breakdown Is 
as follows: tmpinging Forces, New Require 
ments and New Aids for Managers, Impact on 
Professional People, & on Ed 
Arrangements chm.: L. A. Spangler, Westins- 
house Electric Corp., Merchandise Mart. Chi- 
cago. Registrations can be made through E. 
C. Rudolphy, U. S. Steel Corp., 3429 E. 87th 
St, Chicago mL. 


Complete 


DATA 


Recordings 


Davis-Standard has installed 
in their Extrusion Laboratory a 
completely instrumented extruder 
in order to provide precise re- 
search data in the study of . 


* Stock Screw Design 
* Uniformity of Output 
* Compound Evaluation 
* Advanced Processing 
Equipment 


Another DAVIS-STANDARD first!! 


PRECISION 
EXTRUSION 
CONTROL IS 
OUR BUSINESS 


DAVIS-STANDARD 


* With acknowledgment to the work of all 
major chemical laboratories and especially 
to the achievements of Dr. E. C, Bernhardt 
of E. I. DuPont De Nemours & Co. and 
Bruce Maddock of Union Carbide 


Chemical Co. 
For more information, circle No. 97 


August 1960 


: 
> 
i 
Tem 
NJ. General Papers—D. J. Porter, Diamond 
<a Alkali, P. O. Box 348, Rech. Center, Pains- nae xtruder 
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CLASSIFIED SECTION 


Address Replies to Box Number core of: 
CHEMICAL ENGINEERING PROGRESS 
25 West 45th Street 
New York 36, New York 


SITUATIONS OPEN 


Chemical Engineer 


Research 


Canadian Industries Limited, a foremost Canadian chemical 
company with operations throughout Canada, requires an ex- 
perienced Ph.D. in chemical engineering for a senior position 
in its central research organization. 
The successful candidate will be ex to take charge of and 
expand a research group enga in pilot plant operations 
mathematical studies of processes and reactors, and related 
roblems associated with reactor = and instrumentation. 
The work will involve cooperating with other research groups 
in the Company. 
Opportunities for advancement may be in either administra- 
tive or scientific directions. 
Applicants should have five to ten years experience in indus- 
trial, academic or government research, and should have dem- 
onstrated ability in initiating and directing research in chem- 
ical engineering and allied fields. 
The Company’s central laboratory is located 20 miles east of 
Montreal, has a total staff of 150, and is engaged in longer 
range research of high calibre covering a wide spectrum of the 
chemical industry. It maintains full supporting services in- 
cluding a skilled mechanical design section and a first 
machine shop. 


Applications should be addressed to the 


Laboratory Manager 
Canadian Industries Limited 
Central Research Laboratory 
McMasterville, Quebec, Canada 
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OPERATIONS ENGINEERS 


Qualified men with operating experience to work 
on start-up and initial operation of newly con- 
structed chemical plants. Positions entail shift 
work and travel both inside and outside conti- 
nental U. S. for extended periods of time. 
Reply fully to: 
G. F. VINCI 
Assistant Vice-President 
ALL REPLIES IN CONFIDENCE 


2 Park Avenue, New York 16, N. Y. 
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San 
Francisco 


Refinery and Chemical Divi- 
sion offers immediate employ- 
ment opportunities for me- 
chanical, chemical or instru- 
mentation engineers capable 
of assuming responsibility on 
design of major petrochemi- 
cal, refinery or similar proc- 
essing units. 

Rel cover moving costs 


plus transportation reimbursement for 
you and members of your family. If 


of experience, including your present 
required > George I. Cope- 
of Personnel 


Bechtel 
Corporation 

220 Montgomery Street 

SAN FRANCISCO 


PREFER CHEMICAL ENGINEERING 
BACKGROUND WITH SEVERAL 
YEAR’S EXPERIENCE MAJOR OIL OR 
CHEMICAL COMPANY AND/OR MA- 
JOR ENGINEER-CONTRACTOR SERV- 
ING THESE INDUSTRIES. ESSENTIAL 
PAMILIARITY WITH MANAGEMENT 
PERSONNEL IN SUCH INDUSTRIES. 
POSITION INVOLVES DEVELOPMENT 
OF NEW BUSINESS IN FIELD OF 
DIGITAL COMPUTER CONTROL OF 
PROCESSES UTILIZING ADVANCED 
TECHNIQUES AND EQUIPMENT. 


BOX 1-8 


WANTED: Chemical En- 
gineers for process appli- 
cation and sales of centrif- 
ugal solvent extractors in 
U. S. and abroad. Excel- 
lent opportunity for high- 
caliber, ambitious individ- 
uals only. Podbielniak, Inc., 
341 E. Ohio St., Chicago 11, 
Illinois. 


you have al Pran- 
cisco assig ‘ me 
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ENGINEER 


Major nationwide manufac- 
turer of compressed gases of- 
fers exceptional opportunities 
for positions as Sales Appli- 
cation Engineers. 

Preference given to appli- 
cants with Chemical Engi- 
neering or Mechanical Engi- 
neering Degree or equivalent 
in field experience. 
Thorough training in our prod- 
uct lines to promote new uses 
for industrial gases in un- 
limited applications in estab- 
lished territories throughout 
the United States. 

Salary and expenses plus 
bonus and auto. Confidential 
nature of your detailed reply 
will be respected. 


BOX 2-8 


[—SALES APPLICATION—] 


Chemical, Mechanical and 
Industrial 


To train for production supervision, 
plant trouble-shooting or process en- 
gineering. 1-5 years experience. Positions 
open at various operating locations. 
Please send resume in confidence giv- 
ing education, experience and approxi- 
mate salary to 
Central Personne! Office 
SOLVAY PROCESS DIVISION 
Allied Chemical Corporation 
P. O. Box 271 Syracuse 1, New York 


SITUATIONS WANTED 
A.L.Ch.E. Members 


CHEMICAL ENGINEER—B.S.Ch.E. 1948, PE. 
age 34, family. Experience in applied re- 
search and development, heat transfer tech- 
nical sales, refinery processes and mainten- 
ance. Desire responsible position in product 
development, tech ical sales, or technical 
service. Resume on request. Box 7-8. 


PRODUCTION MANAGER—Twenty-five years’ 
of successful operating and top management 
experience in heavy chemical and in hydro- 
metallurgy industries. Intensive background 
in maintenance, construction, plant engi- 
neering, labor relations, and cost analyses. 
Box 8-8. 


MARKET 1952; M.LT., 
M.B.A., of N.Y.U. 1960. Age 30, family. Four 
years’ experience as pilot plant ship super- 
vision, and process development engineer. 
Two years’ experience market analyst. 
Prefer N.Y¥.C. area. Box 9-8 


CHEMICAL ENGINEER-—B.Ch.E. 1958, age 24. 
Two years’ experience as Project Engineer 
in process development of toxic agents for 
the U. 8S. Army. Desire position in produc- 
tion or development. Box 10-8 


TECHNICAL MANAGER-—Twenty years’ ex- 
perience alternately in sales, research and 
development, mainly to petroleum processing 
industry, primarily catalysts. Caltech gradu- 
ate. Seek wider responsibilities. Box 11-8. 


CHEMICAL ENGINEER--B.S. 1951, age 32, 
family. Diversified experience in ammonia. 
methanol, formaldehyde, resins. Present 
position at top management level. Seek chal- 
lenging position North or Western States. 
Available Jan. 1961. Box 12-8 


DEVELOPMENT MAN—Responsible for con- 
sumer product which has reached sales of 
$25,000.000/year in five years. Most recent 
inventions im process machinery . field. 
Similar sales expected. $35,000. Box 13-8. 


(continued on page 122) 


An Invitation To Join 
ORO...Pioneer In 
Operations Research 


Operations Research is a young science, earning recog- 
nition rapidly as a significant aid to decision-making. It 
employs the services of mathematicians, physicists, 
economists, engineers, political scientists, psycholo- 
gists, and others working on teams to synthesize all 
phases of a problem. 


At ORO, a civilian and non-governmental organiza- 
tion, you will become one of a team assigned to vital 
military problems in the area of tactics, strategy, 
logistics, weapons systems analysis and communications. 


No other Operations Research organization has the 
broad experience of ORO. Founded in 1948 by Dr. 
Ellis A. Johnson, pioneer of U. S. Opsearch, ORO's 
research findings have influenced decision-making on 
the highest military levels. 


ORO’s professional atmosphere encourages those 
with initiative and imagination to broaden their scientific 
capabilities. For example, staff members are taught to 
“program” their own material for the Univac computer 
so that they can use its services at any time they so 
desire. 

ORO starting salaries are competitive with those of 
industry and other private research organizations. Pro- 
motions are based solely on merit. The “fringe” benefits 
offered are ahead of those given by many companies. 


The cultural and historical features which attract 
visitors to Washington, D. C. are but a short drive from 
the pleasant Bethesda suburb in which ORO is lo- 
cated. Attractive homes and apartments are within 
walking distance and readily available in all price 
ranges. Schools are excellent. 


For further information write: 
Professional Appointments 


OPERATIONS RESEARGH OFFICE 


[ORO| The Johns Hopkins University 


6936 ARLINGTON ROAD 
BETHESDA 14, MARYLAND 
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CHEMICAL 
ENGINEERS 


Leading independent chemical plant design organ- 
ization with world-wide activities in the organic- 
petro chemicals field requires: 
PROCESS DESIGN AND EVALUATION 

The work translation of basic process information into plant 
design or modification for complex chemical plants. Qualities 
required: Competence in process engineering acquired through 
extensive experience in commercial chemical developments. 
Imagination and insight in visualizing processing schemes. 
Experience in the economics of process and equipment choice. 
Familiarity with plant operations desirable. Sound educa- 
— — und necessary in Ch. Eng.—advanced degree 

esirable. 


PROJECT EVALUATION 
Graduate chemical engineer with extensive project ex- 
perience in the design and construction of petrochemi- 
cal plants, for responsible position with dbenaninien 
possibilities in our project evaluation group, Experi- 
ence necessary for application of judgment and experi- 
ence in the explication of new projects and in the de- 
velopment of major sales efforts. 


Reply fully to: 


DR. JOHN H. LUTZ 
Director of Project Evaluation 


ALL REPLIES IN CONFIDENCE 
SCIENTIFIC DESIGN 
COMPANY, INC. 


2 Park Avenue, New York 16, N. Y. 


PROCESS 
DESIGN 
ENGINEER 


Wanted Senior Process Engineer with 8 to 10 
years’ experience in petroleum refining proc- 
essing. Experience must include diversified 
knowledge of petroleum, petro-chemical and 
related processes, process engineering de- 
sign, process evaluation and economics, and 
some experience in technical service or op- 
erations. Experience with engineering and 
construction company desirable. Send com- 
plete resume to: 


CATALYTIC 


CONSTRUCTION CO. 
1528 WALNUT STREET 


PHILADELPHIA 2, PA. J 
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CHEMICAL 
ENGINEERS 


Openi in a new Process & Devel- 
coment’ Engineoring Division in our 
Cleveland headquarters offer _ en- 
gineers an opportunity for broad ex- 
perience and rapid growth. The men 
selected will be given project assign- 
ments on the commercialization of new 
rocesses, with ones, responsi- 
Bitities which may range through al! 
areas from research to plant start-up. 
Work will include engineering analysis, 
broad process desi and i 
evaluation. 

These itions uire recent gradu- 
ates with between and six years’ 
experience in an organic field. Process 
design experience is desirable. 

Please submit your complete resume 
in confidence to: 


Director of Employee Relations 
GOODRICH-GULF 


CHEMICALS, INC. 
1717 East Ninth Street 
Cleveland 14, Ohio 


SITUATIONS WANTED 
A.|.Ch.E. Members 
(continued from page 121) 


CHEMICAL ENGINEER-—-B.ChE. 1958. Minor 
in Nuclear Engineering. Some courses to- 
wards MS. in Industrial Management. 
Family. Have been desk bound first with 
government agency in nuclear field, and now 
with a small nuclear division of a large 
company. Desire process engineering or 
technical service position offering profes- 
sional growth. Box 14-8. 


CHEMICAL ENGINEER—B.S.Ch.E., family, age 

42, registered. Eight years’ broad experience 
in nuclear R & D, plant construction, start- 
up and operation as production supervisor. 
Keen interest human relations. Management 
a South preferred. Will relocate. 

x 


(OPERATIONS) ENGINEER—Age 35. 
Ph.D. (Ch.E.), minor in industrial manage- 
ment. Six years’ experience in directing and 
operating of pilot plants. Desire direct con. 
tact with operating personnel in pilot plant. 
semi-works, or small production organiza- 
tion. Prefer Chicago area but will relocate. 
Box 16-8. 


CHEMICAL ENGINEER—PH.D., age 28. Three 
years’ R & D and Process Engineering ex- 
perience in the plastics and chemical en- 
gineering fields. Desire a responsibie posi- 
tion to apply a broad technical background 
to R & D problems. Box 17-8. 


ENGINEERING SUPERVISOR—Imaginative 
leadership in supervision of research, de- 
velopment, design. execution of chemical 
Processing plants. Outstanding record of 
accomplishment during twenty years with 
top corporation. B.Ch.E. ‘40, P.E., earning 
$15,400 desire growth opportunity. South 
preferred. Box 18-8. 


LATIN AMERICA—Responsible management 
position desired, here or abroad. Ph.D. 
chemist with experience, knowledge, and in- 
terest in pharmaceutical or chemical activi- 
ties in Latin America. Box 19-8. 


CREATIVE CHEMICAL ENGINEER-—Age 34. 

Seek r ible manag t position. Ten 
years’ experience in all phases of market- 
ing and product development with plastics. 
insulation, process equipment. Box 


CHEMICAL ENGINEER-—Age 28, single, ad- 
vanced degree “Chemical Engi ", 1957. 
Three years’ experience in petroleum process 
development; pilot plant design, construc- 
tion, supervision with top research firm. 
sire to leave research for opportunity in 
technical sales/service; product/market de- 
velopment. Foreign. San Francisco locations 
or travel preferred. Box 21-8. 


CHEMICAL ENGINEER—29, married, B.S.Ch.E. 
1958. Two years’ experience in developing 
government chemical specifications. Would 
like to start out in process engineering with 
private industry. Graduated in upper quarter 
of class. Box 22-8. 


RESEARCH ADMINISTRATOR — Chemist 
Ph.D., thoroughly experienced research man- 
agement seek responsible position pharma- 
ceutical, chemical, or fermentation industry. 
Sixteen years supervision and sadministra- 
= research, development, pilot ts. 

x 
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SITUATIONS WANTED 
A.1.Ch.E. Members 


LATIN-AMERICAN ASSIGNMENT—<esired by 
B 


. 8 chemical engineer, speaks Spanish, 
familiar with Portuguese, age 35, family, 
experienced in organic chemical operations, 
process development, plant start-up 
technical service, production supervision. 
Box 24-8. 


CHEMICAL ENGINEER—-BS.ChE., age 29. 
Six years’ experience major chemical com- 
pany; in pilot plant, plant development, cost 
studies, engineering liaison with design 
division, new plant start-up. Job must have 
responsibility with advancement potential. 
Box 25-i. 


PROCESS ENGINEER—B.S.Ch.E. 1949, M.Ch.E. 
1952, age 38. Diversified experience in pilot 
plant, process development, design, project 
engineering in organic and petrochemical 
field. Desire position in process design. 
economic evaluation, or project engineering. 
Box 26-8. 


INDUSTRIAL FERMENTATION—-Experienced 
manager and technica] expert wants execu- 
tive position in charge of new or established 
operation. Demonstrated ability in develop- 
ment, planning, and production. Box 27-8. 


CHEMICAL ENGINEER—BS.ChE. Nineteen 
years’ diversified production experience in 
manufacture of organic chemicals 
management responsibility for production 
supervision in large diversified units Dedi- 
cated production man desire challenging op- 
portunity in growing company. Box 28-8 


CHEMICAL ENGINEER—B.E.. age 37. Offers 
sixteen years’ broad experience in petroleum 
and petrochemical plant design and start- 
up, operator training, economic evaluation. 
and pilot plants; technical supervision. prob- 
lem solver, patents, Relocat includ 


ENGINEER — B.Ch.E.. 

Two and one half years’ experience in con- 
tinuous. emulsion, solution. and bulk poly- 
merizations, special equipment design work, 
reactive inks, rapid curing of coatings. coat- 
ings evaluation. Studying for M.S. in Indus- 
trial Management. Desire R&D position in 
N.Y.-N.J. area. Box 30-8 


PETROCHEMICALS, ORGANICS SPECIALIST 
—M.8.Ch.E. Fifteen years’ unusually broad 
experience in these fields; including exten- 
sive process design, supervision, operations. 
mechanical, contracts. sales and project ex- 
perience, les, devel t, ete. Per- 

—- Management position desired. Box 


CLASSIFIED SECTION RATES 


Advertisements in the Classified Section are 
payable in advance at 24c a word. with a 
minimum of four lines accepted. Box number 
counts as two words. Advertisements average 
about six words a line. Members of the Ameri- 
can Institute of Chemical Engi s in good 
tandi are all ad two six-line Situation 
Wanted insertions (about 36 words each), free 
of charge a year. Members may enter more 
than two insertions at half rates. Prospective 
employers and employees in using the Classi- 
fied Section generally agree that all communi- 
cations should be acknowledged as a matter 
of courtesy but recognize circumstances where 
secrecy must be maintained. Answers to ad- 
vertisements should be addressed to the box 
number. Classified Section, Chemica] Engineer- 
ing Progress. 25 West 45th Street, New York 
36, N. ¥. Telephone COlumbus 5-7330. Adver- 
tisements for this section should be in the 
editorial offices the 15th of the month preced- 
tng publication. 


Placement Bureaus 


CHEMICAL ENGINEERS 


Award-winning agency 
for chemical engineers in 
@ R&D @ DESIGN © PILOT PLANT 
@ PROCESS ® PROD 


PERSONNEL AGENCY, inc. 
180 BROADWAY NEW YORK 38, N. Y. 


f PROCESS ENGINEERS— BS, MS, PhD in ChE, ME or EE 


The criteria for acceptance are rigorous but the professional 
gain is unlimited for Process Engineers with Du Pont. The 
young, intelligent engineers we seek should possess the 
maturity to combine reasoned thinking with a high degree 
of creativity. In addition to superior technical competence 
these men must have personalities that continually reflect 
the best in themselves, their department and their work. 
Equally important is the ability to communicate effectively 
through concise, to-the-point verbal and written reports. 


These Process Engineering positions offer challenge of 
unusual scope. The principal responsibilities include con- 
ducting or assisting in studies and investigations for improve- 
ment of operating facilities and reduction of operating costs. 


At Du Pont, Process Engineering is considered excellent 
preparation for consultant, supervisory or management posi- 
tions. Advancement is on a basis of individual performance 
and responsibility is granted as fast as a man can handle it. 
If you possess a BS, MS or PhD in chemical, mechanical or 
electrical engineering and are interested in speeding your 
professional progress with a forward-thinking organization, 
you are invited to direct your inquiries in confidence to: 


Mr. William M. Redd, Jr., Engineering Department 


E. I. Du Pont de Nemours & Co., Inc. 
Wilmington 98, Delaware 


PAT. OFF 


Better Things for Better Living 
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FREE! Ask for “Chem Engr Career Scope”. 

For confidential ACTION write or phone! 
Digby 9-3800 

{hy .. through Chemistry 
| 


Progressive expanding Designer and Builder of 
CHEMICAL PROCESS PLANTS 


CHEMICAL 
PROCESS ENGINEERS 


To assume responsibility for engineering and design of Chemi- 
cal Plants, basic process calculations through equipment speci- 
fications and flow sheets and review of construction drawings 
and plant start-up. Emphasis on both technical qualifications 
and ability to coordinate and direct engineering activities, In 
this area there are openings for: 


PROJECT MANAGERS 
PROJECT ENGINEERS 


Reply with full details of training, ex- 
perience and salary requirements to: 
J. W. FEAMSTER 


ig SCIENTIFIC DESIGN COMPANY, INC. 


2 Park Avenue, New York 16, N. Y. 


ENGINEERS 


Mechanical, Chemical and Extractive Metallurgical en- 
gineers with outstanding qualifications to fill production, 
development and engineering positions in processing 
plants located at Rifle and Uravan, Colorado. 

Send resume and copy of college transcript to: 


UNION CARBIDE NUCLEAR COMPANY 
Division of Union Carbide Corporation 


P. O. BOX 1049 
GRAND JUNCTION, COLORADO 


eee 


| 
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PLANT 
PROCESS 
ENGINEERS 


Major industrial chemical company has immediate openings for 
men seeking engineering careers in petro-chemical industry. 
Assignments in design, economics, plant technical service, etc. 
Plants located in Midwest and Southwest. 
Require engineers with 2-5 yrs. experience, preferably in chem- 
ical process industry, 
Write Professional Employment Mgr. 


U. S. INDUSTRIAL CHEMICALS CO. 


Division of 


NATIONAL DISTILLERS & CHEMICAL CORP. 
99 PARK AVENUE NEW YORK 16, NEW YORK 


August 1960 


Classified ... 


EQUIPMENT SECTION 


FIRST CLASS EQUIPMENT 
FROM YOUR FIRST SOURCE 


FATTY ACID SYSTEM 


Includes Ni-Resist Still Pots, Monel and 
Steel Tanks, Stainless Heot Exchangers, 
Condensers, Receivers, etc. 


9 Devine Vacuum Chamber Dryers. 
Louisville MONEL Rotary Steam Tube 
Dryer; 54” x 35’ 

Struthers Wells STAINLESS Drum 
Dryers; 5’ x 4’ and 5’ x 10’ 

2 MONEL Reactors, 2800 Gal. with 
Turbine Agts. Jktd. 175% ASME 
NICKEL Clad Reactor; 7’ x 11’'6” 
Struthers Wells Type 316 S/S 2000 
Gal. Jktd. Agtd. Reactors 

STAINLESS Vac. Stili 755 Gal. 
Lancaster STAINLESS Lined Rot. Re- 
actor; Jktd. 50” x 17°4” 

2 Stainiess Lined 11,000 Gal. Pres- 
sure Tanks; 10° x 18'7” 

STAINLESS Dbl. Arm Vac. Mixer; 150 
Gal.; cored Blades; 40 HP 

2 Lehmann Amaigamators; S/S Lined; 
32” x 44” x 36”; S/S Arms 
Patterson-Kelley STAINLESS Twin Shell 
Blenders; 30-1 Cu. ft. 

Oliver Dorrco NICKEL Rot. Vac. Filter; 
6 x 3’; NICKEL access. 

Oliver Precoat Pressure Filter STAIN- 
LESS STEEL 5’3” x 8 

Oliver Precoat Pressure Filter MONEL 
> x 2’; 18 sq. ft. surface 

Sperry NICKEL and NI-RESIST Filter 
Presses; 12” x 12” 

STAINLESS CENTRIFUGES from 12” 
to 60”; all types in Stock 

Mikro STAINLESS Pulverizers No. 2 
S/S Comminutators Model 
D 7% HP; Model K 20 HP 


FIRST MACHINERY CORP. 


209-289 TENTH STREET 
BROOKLYN 15, NEW YORK 
STerling 8-4672 


IN STOCK 


1—Buflovak 700 sq. ft. single effect forced 
T304 SS 


circ. evap., 
1—Buflovak 5’ x 30° T316 SS rotary 
vacuum dryer, ASME. 
1—Struthers-Wells 3500 gal. T316 SS jktd. 
reactor, 40/20 HP agit. 
1—17,650 gal. T316 SS horiz. tank. 
30—Sharples #AS-16V Inconel Centrifugals 
1—Allis-Chal. 7’ x 50’ rotary dryer, %”. 
1—Buflovak 42” x 120” double drum dryer, 
1252 drums—atm 
1—Niagara #510-28, T316 SS filter. 
1—Oliver 5’ 3” x 8’ precoat rotary vacu- 
um filter, UNUSED. 
1—Buflovak 5’ x 12’ single drum vacuum 
dryer—-UNUSED. 
1—Struthers-Wells 630 sq. ft. T316 8S 
single-effect evap. 
1—1960 sq. ft. T316 SS exchanger. 


PERRY cor. 


1427 N. Sixth St., Phila. 22, Pa. 
POplar 3-3505 
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. one of a series presented by 
Western Supply Company, Tulsa, to 
improve the “1.Q."* of engineers . 
(*“Iincome Quotient”) 


TRAINED SPECIALISTS 


VETALLY IMPORTANT 


IN PROCESS ENGINEERING 


AND ESTIMATING 


The rapid, even meteoric development 
of the petro-chemical industry in t 
past decade has enhanced the role of 
importance played by engineering cpe- 
cialists with each step of its progres 


' Today. the engineer who is equipped 


with knowledge. study, training and 
experience in some specific phase of 
the processing cycle finds himself in 
an extremely favorable position and no- 
where is this more obvious than in 
the realm of process engineering and 
estimating 


But industry has a new concept of a 
“specialist” in the complex of today's 
business society. He must have a broad 


» concept of the total effort of his com- 


pany, and cannot be content simply with 
“doing his job better than anyone else 
can.” Since companies today, large or 
small, see their profits shrink as costs 


increase, the specialist must 
a 


apply his speci knowledge or skill to 
the task at hand with diligence and 
genius, but with a practiced eye on the 
effect of his specialty on the profit 
structure of his company (or his client. 
or customer, if he is a consultant or 


» supplier). 


A generation ago, the “all-round” pro- 
cess engineer was himself a specialist. 
experimenting, researching, studying 
developing—combining “educated guess- 
ing” with engineering judgment to solve 
the ba ay presented. His was the task 
of dealing with all phases of an en- 
gineering process — design, estimating. 
operating — material and heat balances. 
temperatures, pressures, flow quantities. 
the —- of special equipment, specifi- 
cation of instruments and controls, stress 
analysis, corrosion control, etc., etc 


Today. with larger, more complex 
plants — especially in continuous how 
processes — and with greater expense 
involved in more complicated processes, 
many specialties have grown from the 
earlier process engineer specialist, re- 
sulting in accelerated advances in each 
specific field, as demands for more rapid 
progress are met. The petro-chemical 
industry in particular has demanded, 
attracted, developed — and paid for — 
men of unusual ability and broad vision. 
expert in their specific fields, communi- 
cative, articulate, aware and appreciative 
of the problems of other specialists as 
well as of business in general — and 
therefore more “profitably productive” 
for their companies. The search for these 
men increases with each new demand 


on the industry. 


What training. background, experience 


+ is needed by today's process engineer to 


become a specialist? What is required 
in addition to an extraordinary interest 
and aptitude for a specific phase of 
engineering? There are certain techno- 
logical requirements related to each field. 
of course, and they are fairly well- 
defined in each phase, but there are 
other more general, yet equally import- 
ant, qualities and attributes on which 
the aspiring specialist must pass muster 


Space limitations in this column do 
not, of course, permit a full treatment 
of this important subject, but it has 
been covered more completely and in 
greater detail in a booklet entitled 
“Engineering Specialities: A Challenge,” 
and complimentary copies are available 
te you by writing to: WESTERN SUPPLY 
COMPANY, HEAT EXCHANGER DIVI- 
SION, P. O. BOX 1888, TULSA, OKLA. 
— and remember, our engineers special- 
ize in designing, estimating and building 
the heat exchangers in your future. 


For more information, Circle No. 96 
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News and Notes 
of A.I.Ch.E. 


Report from Mexico 

Council of A.I.Ch.E. met in Mexico 
City just prior to the meeting there 
and rapidly cleared up many items on 
the agenda in order to enjoy every 
minute of what was an outstanding 
international meeting. Before I get 
on to some of the things Council did, 
this is a good time to acknowledge 
publicly the exceptional achievements 
of our colleagues in Mexico. All the 
officers and members of the Instituto 
Mexicano de Ingenieros Quimicos and 
their wives strove hard to make the 
meeting the great success it was. 

If I were asked to point to the 
highlight of the meeting, I must con- 
fess that what stirred me most were 
the beautiful folk and Indian dances 
put on during the Noche Mexicana 
on Tuesday evening, June 21. The 
performance, which was sponsored by 
Pemex, was climaxed by a py kage 
play of Aztec dances put on by a 
troupe of Indians in full costume who 
literally had the Hotel del Prado 
shaking from the stamping and gyra- 
tions of a mighty forceful presentation 
of early American rhythm. 

The second most exciting event, 
which was arranged just for the chem- 
ical engineers, was the bull fight . . . 


ty, 


the first that many of the Americans 

had seen. It was during this event that 

one member said to me, “This is the 

best meeting the A.I-Ch.E. has ever 
ut on.” 

The only thing wrong with the 
statement was the fact that A.I.Ch.E. 
did not really put it on; it was the 
work of a superb group of gentlemen 
from Mexico, and we tip our hat to 
them for it. This success actually 
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leaves me with a problem, because 
I am certain there will be a great 
number of requests for additional 
international meetings such as this, 
and the problem is to fit them into 
our schedule. 


New computer program 


Now for Council actions. Council 
is in the process of approving a very 
special program for computer estima- 
tion of physical data. This was pre- 
sented by R. P. Genereaux, Director, 
and W. M. Carlson, Chairman of the 
Committee on Machine Computation. 
There are still some details that must 
be cleared up before a full report of 
the program is available, but much of 
the Council meeting in Mexico City 
was given over to a very careful con- 
sideration of the problems involved in 
this proposal, along with the approval 
of the beginnings of a special project 
by the Standards Committee, J. C. 
Lawrence, Chairman, to study a 
standard system of indexing and re- 
trieval of engineering intormation. 
(More on Council in Sept.) 


A.1.Ch.E. wants you 


Although membership results so far 
this year are good, this is nevertheless 
a note of appeal to all the members 
to help support the fine efforts of the 
membership gu. It's not always 
easy these dollar-and-cents-days to 
convince fellow-chemical engineers of 
the values of membership; yet if we 
are to achieve our purpose as a uni- 
fied profession, if we are to serve 
chemical engineers with the . 
zines, meetings, lectures, etc., that 
they need, we're going to have to have 
all eligible engineers. The next time 
a Membership Committee man comes 
along to ask you to do your part, 
please pitch in; the next time some- 
one says to you, “Why should I join 
A.LCh.E.?” speak right and tell 
him why. And if you don't know 
why, write us and we'll certainly give 
you a lot of reasons. .. . Mem 
often raise their eyebrows when in 


speaking before Local Sections I casu- 


ally mention the need for more mem- 
bers, more money, etc, Yet few real- 
ize the drains on a nonprofit organiza- 
tion such as ours. We try to cut as 
closely as — the cost of every- 
thing we do. The accounting figures 
on the Special Lectures, for instance, 
indicate that, when all costs are con- 
sidered, A.I.Ch.E. lost $1,000 on each 
of the lectures despite the fact that we 
charged a sizable fee. We want to 
continue these activities, and fortu- 
nately they were underwritten by a 
National Science Foundation grant. 


Everything cannot be underwritten, 
however, and the only long-term 
answer is more members. I look ahead 
to all the other really outstanding and 
important programs that we are now 
considering in Council and am even 
more firmly convinced than ever that 
our appeal for more money, more 
members, more everything is justified 
and right for this profession. 


Election day is coming 


On pages 98-99 of this issue are the 
selections of the Nominating Com- 
mittee for A.I.Ch.E. Officers and 
Directors plus news about several 
members nominated by petition. As 
reported in the April News and Notes, 
October 3 is the last possible day for 
petitions to be received in this office. 
The ballot will have exactly the same 
format as last year, and so in order 
to get it printed and addressed on 
time, each mail on October 3 will be 
immediately scanned for any last- 
minute petitions, which will be 
checked and added to the ballot on 
that day. F. J. V. A. 
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Look to Parsons 
OR PERFORMANCE... 
NY 


PROCESS ENGINEERING... second to one 


Experience in design and construction of process plants in every 
corner of the globe has given Parsons the capability to see projects 
of any size through to completion — on time — at the most economical 
cost consistent with quality. For factual proof of Parsons’ 
performance, write on your letterhead for brochure 97/17. 


The Ralph M. Parsons Company, Los Angeles. United States Offices: 
Houston, Huntsville, New York, Pasadena, Washington. International 
Offices: Ankara, Asmara, Baghdad, Bangkok, Cairo, Calgary, Dacca, 
Jeddah, Karachi, London, New Delhi, Paris, Teheran, Tokyo, Toronto. 


WORLD-WIDE SERVICES: PerroLeuM-CHEMICAL ENGINEERING * ARCHITECT-ENGINEERING * CONSTRUCTION * ELECTRONIC SYSTEMS 


AND COMPONENTS * WATER DEVELOPMENT AND SYSTEMS * APPRAISALS AND ECONOMIC STUDIES * PLANT OPERATION * PERSONNEL TRAINING 
For more information, turn to Data Service card, Circle No. 48 
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MIXING PROBLEM NO. 


The two 40-hp LIGHTNIN Mixers you see here are the 
dependable spark plugs of a process that doubles previous 
output while reducing labor cost 40%. 


They don’t take kindly to down time at Hoffmann-LaRoche, 
Inc. So when there’s a big fluid-mixing design job to do, 
they turn it over to specialists. 

They knew they'd need a lot of mixer horsepower in 
these 2500-gallon crystallizer tanks. This is a tough opera- 
tion for a mixer. To produce uniform crystals, uniform 
batch temperature is a must. The only way to get it: good 
heat transfer with good mixing. To assist results, the 
clearance between impeller and tank wall must be ex- 
tremely tight. 

During a 10-to-12-hour mixing period, the batch tem- 
perature plummets from 200° to 30° F. Viscosity builds up 
sharply, throwing a terrific load on the mixer drive. A 
batch that cools unevenly can clog the bottom outlet. The 
only way to unclog it is to reheat the whole batch. 

Engineers on the project asked us to work out the com- 
plete mixer design, including impeller geometry and power 
input data, to give them the uniform mixing they wanted 
for this exacting assignment. They weren't disappointed. 


“Peace-of-mind” mixing 


Is the mixing of fluids a key step in your process? Then 
don’t leave it to chance. Rule out guesswork with scientifi- 
cally planned fluid mixing that helps cut your planning time 
to a minimum, gets you onstream faster, heads off costly 
failures. Cut your long-term fluid-mixing cost with standard- 
design LIGHTNIN Mixers that stand up year after year under 
rugged continuous service—and have interchangeable 
parts that are easily replaced from stock when they do 
wear out. 

Your LIGHTNIN Mixer representative can tell you how to 
get this peace-of-mind mixing for your process. Look him 
up now in Chemical Engineering Catalog or in the yellow 
pages of your phone book. Or write directly to us. 


“Lightain Mixers 


MIXCO fluid mixing specialists 
MIXING EQUIPMENT Co., Inc.,199-h Mt. Read Bivd., Rochester 3, N.Y. 
In Canada: Greey Mixing Equipment, Ltd., 100 Miranda Ave., Toronto 19, Ont. 
For more information, turn to Data Service card, circle No. 39 
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